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Abstract

In rectal cancer management, accurate staging by magnetic resonance imaging, neo-adjuvant
treatment with the use of radiotherapy, and total mesorectal excision have resulted in remarkable
improvement in the oncological outcomes. However, there is substantial discrepancy in the
therapeutic approach and failure to adhere to international guidelines among different GreekCypriot hospitals. The present guidelines aim to aid the multidisciplinary management of
rectal cancer, considering both the local special characteristics of our healthcare system and the
international relevant agreements (ESMO, EURECCA). Following background discussion and
online communication sessions for feedback among the members of an executive team, a consensus
rectal cancer management was obtained. Statements were subjected to the Delphi methodology
voting system on two rounds to achieve further consensus by invited multidisciplinary international
experts on colorectal cancer. Statements were considered of high, moderate or low consensus if
they were voted by ≥80%, 60-80%, or <60%, respectively; those obtaining a low consensus level
after both voting rounds were rejected. One hundred and two statements were developed and voted
by 100 experts. The mean rate of abstention per statement was 12.5% (range: 2-45%). In the end
of the process, all statements achieved a high consensus. Guidelines and algorithms of diagnosis
and treatment were proposed. The importance of centralization, care by a multidisciplinary team,
adherence to guidelines, and personalization is emphasized.
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Introduction
Introduction of total mesorectal excision (TME) [1,2],
accurate preoperative image staging [3] and preoperative
treatment when indicated, by means of radiation therapy (RT)
or/and chemotherapy (ChT) [4], has resulted in considerable
improvement in oncological outcomes of patients with rectal
cancer during the last three decades [5]. Evolving knowledge
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on preoperative local staging, elaboration of preoperative
RT schemes, new chemotherapeutic agents, and refinements
in surgical techniques in an effort to preserve anal function,
without compromising oncological outcomes, steer towards
implementation of new strategies in the treatment of rectal
cancer.

entered a second round of voting, after they were amended by
the executive team. At the end of the process, all four statements
improved their ROVC, and there were no statements with a
ROVC less than 80% (Table 2).

General considerations
Aim

Driven by the Hellenic Society of Medical Oncology
(HeSMO) a selection of an executive team was made on the
grounds of their experience in colorectal cancer. The executive
team was assigned to elaborate and develop a consensus
document and form guidelines on the main aspects of image
staging, pre-operative management and surgical treatment of
rectal cancer, based on the review of literature, the principles
of the evidence-based medicine, and the relevant already
developed international agreements.
In the present study, the guidelines on the management of
rectal cancer only are presented. Consensus documents on:
a) surgical treatment of colon cancer; b) adjuvant treatment of
colorectal cancer; and c) management of metastatic colorectal
disease are presented elsewhere.
Legal disclaimer

Details on the legal aspects of these guidelines have already
been reported [6].

Background

Optimum therapeutic strategy and adequately executed
surgery for rectal cancer is best produced in volume-based
referral centers by an adequately trained multidisciplinary
team (MDT) which should include surgeons, radiologists,
medical oncologists, radiotherapists and pathologists [7-9].
Further to centralization and adherence to clinical guidelines,
Table 1 Evidence level and recommendation grade
Level of evidence
I

Evidence from at least one large randomized control trial
of good methodological quality (low potential for bias) or
meta-analyses of well-conducted RCTs without heterogeneity

II

Small RCTs or large RCTs with a suspicion of bias (lower
methodological quality) or meta-analyses of such trials or of
trials with demonstrated heterogeneity

III

Prospective cohort studies

IV

Retrospective cohort studies or case-control studies

V

Studies without control group, case reports, expert opinions
Strength of recommendation

Methodology

A

Strong evidence for efficacy with a substantial clinical benefit,
strongly recommended

The methodology in setting our guidelines for the surgical
management of rectal cancer has already been reported
elsewhere [6]. The first round of the online Delphi voting
process opened on September 29th 2013 and closed on
December 6th 2013. The second round opened on January 6th
2014 and closed on January 24th 2014. In the final document
all statements are presented as recommendations of care. Even
statements achieving a consensus of <80% were included. At
the end of each recommendation the level of evidence (LOE)
and the strength of recommendation (SOR) are mentioned
(Table 1), followed by the rate of voting consensus (ROVC).

B

Strong or moderate evidence for efficacy but with a limited
clinical benefit, generally recommended

C

Insufficient evidence for efficacy or benefit does not outweigh
the risk or the disadvantages (adverse events, costs) optional

D

Moderate evidence against efficacy or for adverse outcome,
generally not recommended

E

Strong evidence against efficacy or for adverse outcome,
never recommended

Discussion
One hundred experts participated and voted for 102
statements, which entered the Delphi methodology. The
median abstention rate was 12.5% (2-45%). After the first voting
process, 16 statements achieved consensus by all participants,
and there were 68 statements achieving a consensus of over
than 90%. Three statements that achieved a rate of consensus
of less than 80% and a fourth one with a consensus of over 80%
Annals of Gastroenterology 29

RCT, randomized control trial

Table 2 Rate of voting consensus of statements after the two voting
processes
Rates of voting
Statement
Resubmitted
Statements
consensus (%) numbers after first statement numbers at the
voting process
numbers
end of process
100

16

16

90-99

68

70

80-89

15

70-79

1

3

3

Total: 102

Total: 4

16
Total: 102
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oncological outcomes are expected to improve by national
audit registries [7,9,10]. It should be mentioned that the
guidelines do not always derive from high-quality level I data,
and therefore they should be applied with caution.

Table 3 Initial staging of rectal cancer
Aim

Modalities

Confirmation of diagnosis

Endoscopy - biopsies
Histopathological examination

RECOMMENDATION
1. Centralization, care by an MDT, adherence to clinical
guidelines, and audit registries are necessary to
improve oncological outcomes in the management
of rectal cancer (LOE III; SOR A) (ROVC: 99%)
Tumor classification to define therapeutic strategy

Localization of tumor

Digital examination

Distance from anal verge

Rigid recto-sigmoidoscopy

Length

MRI

Circumferential spread

Flexible endoscopy
(less accurate)

Synchronous colonic lesions

Total colonoscopy (1st choice)
MDCT (2nd choice)
MDCT colonography
(in obstructive lesion)

Background

Rectal cancers can be divided into four groups: very early
(some cT1), early (cT1–2, some cT3), more advanced (cT3, some
cT4) and locally advanced (cT4). Factors other than clinical
T-stage, such as tumor height, proximity to the circumferential
resection margin (CRM), cN-stage, and vascular and nerve
invasion are also relevant. The terms ‘favorable or early or good’,
‘intermediate or bad’ and ‘locally advanced or ugly’ can also
be applied to categorize rectal cancers. Currently, in clinical
practice, the term ‘locally advanced’ has been commonly used
for the ‘intermediate/bad’ group, but is best reserved for the
truly ‘locally advanced/ugly’ tumors. Accurate clinical staging
is required to determine the need for neo-adjuvant therapy
or an enhanced surgical procedure. Because oncological
outcomes strongly depend on accurate diagnosis, staging and
pursuing the optimal therapeutic strategies, patients with
rectal cancer should be treated in specialized centers with
high volume of referred cases and by an MDT which involves
surgeons, histopathologists, radiologists, medical and RT
oncologists [3,9,11]. An optimum therapeutic strategy and
adequately executed surgery aims to lower morbidity and
mortality, local recurrence rates below 10%, and overall survival
above 70%. Structural surgical training and quality assurance
are also prerequisites for the continuous improvement of
outcomes [7,12].

MRI (if sensitivity to iodinated
contrast medium)
Double contrast barium
enema (last option)
T stage
T1

MRI, ERUS

T2-4

MRI (1st choice)
MDCT (2nd choice for middleupper rectum lesions)
ERUS (2nd choice for lower
rectum lesions)

CRM status

MDCT (2nd choice for middleupper rectum lesions)
Levatorani & sphincter status
N stage

MRI (1st choice)
MDCT (2nd choice for middleupper rectum lesions)
ERUS (2nd choice for lower
rectum lesions)

M stage

RECOMMENDATION
2. For treatment decision, patients should be classified
beyond clinical stage TNM and UICC into the
following three groups very early (some cT1, sm1),
early (cT1–2, cT3a/b), locally advanced (cT3c/d/T4
and/or N+) (LOE IV; SOR B) (ROVC: 87%)

MDCT
MRI (if sensitivity to Iodinated
contrast medium)
(In equivocal cases)
U/S (in equivocal cases)
PET/CT (if MDCT, MRI, U/S
inconclusive)

Lungs

Diagnosis and staging (Table 3)

Diagnostic means for initial staging [before any (neo-adjuvant or
surgical) treatment]

MRI (1st choice)
ERUS (2nd choice)

Liver

Background

MRI (1st choice)

MDCT
Chest x-ray (2nd choice)

Bones (relevant symptomatology) Scintigraphic scan
Brain (relevant symptomatology)

Scintigraphic scan

MRI, magnetic resonance imaging; MDCT, multi-detector computed
tomography; ERUS, endorectal ultrasound; U/S, ultrasound; PET/CT,
positron emission tomography-computed tomography
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The accurate diagnosis of tumor localization and local
extension (T stage), lymph node involvement (N-stage),
extramural vein status and potential CRM positivity is essential
for defining the treatment strategy. Rectal cancers are categorized
according to their distal edge measured from the anal verge, by
rigid or flexible endoscopy, accompanied by biopsy, and MRI.
Rigid endoscopy and MRI are more reliable in detecting the
exact location and the size of the tumor. By rigid proctoscopy,
rectal cancer is categorized as: low (up to 5 cm), middle (from >5
to 10 cm) or high (from >10 up to 15 cm).
Definition of T-stage (according to TNM)

Subclassification of T1 cancers is based upon depth of invasion
into the submucosal layer: sm1 upper third, sm2 middle third
and sm3 lower third. Alternatively the millimetric depth of
submucosal invasion could be used, where an invaded depth of
more than 1 mm is an important predictor for possible lymph
node involvement [13,14]. Endorectal ultrasound (ERUS) and
endorectal MRI have similar accuracy in the differentiation
between T1 sm1/sm2 and sm3 and furthermore between
superficial (T1 and/or T2) and T3 tumors [15]. MRI with use of
an endorectal coil offers the maximum amount of information by
a single modality in the staging of rectal cancer [16]. However,
endorectal imaging is not an adequate method for the assessment
of local tumor extent in bulky T3 or T4 tumors. Likewise, ERUS or
MRI can measure sphincter infiltration with comparable accuracy.
Although ERUS is accurate in assessing early-stage low
tumors (T1 and T2), with a sensitivity of 94% and specificity of
86% [17], it performs inadequately for advanced rectal tumors,
leading to substantial preoperative overstaging and consequent
overtreatment, because differentiation between peritumoral
inflammation or fibrosis and true tumor is not possible [18,19]
and the inability of the method to assess CRM or to identify
lymph nodes close to the mesorectal fascia, but also to depict
extramural vascular invasion (EMVI).
Thin-section MRI with 3-mm slices and a small field of
view is now used to identify several prognostic features that
will allow better selection of patients who will benefit from
more intensive treatment [20]. MRI or multidetector-row CT
(MDCT) have an equal accuracy in distinguishing T3 from
T4 tumors in the middle and higher rectum [21]. However,
MDCT does not correlate well enough with MRI findings to
replace it in rectal cancer staging [22].
The main limitation of T staging is that T3 tumors are the
majority of rectal cancers seen at presentation which, however,
comprise a very heterogeneous group regarding local recurrence
and survival rates. From existing pathological studies, it is clear
that patients with more than 5 mm of extramural spread should
be identified because they have a markedly worse prognosis
than those with T3 tumors <5 mm of spread [23]. Thus, the
distinction between T2 stage and T3 stage is not relevant, when
the T3 tumor presents a less than 2 mm spread [3].
For low rectal cancer tumors, specific mention should be
made on the MRI staging report, regarding the relationship of
the infiltrating margin of the tumor with the thin mesorectum,
the levators, the intersphincteric plane, and the internal and
external anal sphincters [20,24,25].
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Status of CRM

CRM involvement is an independent prognostic factor
for pelvic recurrence and poor survival [26]. MRI is the
method of choice for the prediction of positivity of CRM,
with sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) of 70%, 96%, 85%, and
92%, respectively [27]. A potentially positive CRM margin
is defined as tumor lying within 1 mm from the mesorectal
fascia [3]. Measurements are also taken from suspicious
lymph nodes, EMVI, and tumor deposits or satellite nodules
within the mesorectal planes. EMVI is an additional important
independent prognostic factor that can be readily identified on
MRI [9,18,28].
N-stage

Prediction of nodal metastases has traditionally relied on
size. Also, nodes are judged suspicious if they have irregular
borders or/and mixed signal intensity. Nodes >8 mm in the
pelvic sidewall are defined as malignant nodes. MRI and
MDCT are equivalent in detection of suspect pelvic sidewall
lymph nodes, defined by size >8 mm. A recent meta-analysis
has shown that no significant differences existed among
endorectal sonography, CT, and MRI in nodal staging using
size criteria [21,29]. Particularly for mesorectal lymph
nodes, a cut-off value of 10 mm gives high specificity but
low sensitivity, whereas the opposite is true when a cut-off
value of 3 mm is applied [30]. Nodes smaller than 5 mm in
diameter and difficulty in exploring the entire mesorectum
are the limitations of ERUS in determining N stage of rectal
cancer [31]. Several reports show that all currently used
imaging modalities lack sufficient accuracy for clinical
decision making. The estimated sensitivity for ERUS, MRI and
CT is 67%, 55%, and 66% respectively, with corresponding
specificity estimates of 78%, 74%, and 76%, respectively [21].
By assessing the nodal morphology at MRI, namely irregular
borders and signal heterogeneity, malignant nodes can be
detected with a greater degree of sensitivity (85%; 95%CI
74-92%) and specificity (97%; 95%CI 95-99%) compared
with nodal size measurement [29,32]. More recently, good
performance of ultra-small superparamagnetic iron oxideenhanced (USPIO) MRI for nodal staging in patients
with rectal cancer has been shown with high sensitivity
and specificity rates of approximately 95% for detection
of malignant lymph nodes [33]. At present, USPIO is not
available in the market.
Fludeoxyglucose (FDG) positron emission tomography
(PET) has shown disappointing results for N staging,
particularly in the mesorectal fascia, but PET-CT imaging
could have a potential role in identifying lateral spread to
nodes along the internal iliac chain [34].
M-staging

Thoracic and abdominal CT is recommended to detect or
rule out distant metastases. The real value of CT is its accuracy
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in detecting distant metastases. MRI is helpful in further
characterization of liver lesions suspected for metastases
diagnosed by CT scan. MRI is the preferred first-line modality
for evaluating colorectal liver metastases in patients who have
not previously undergone therapy [35].
FDG-PET could be considered for detection of liver
metastases and peritoneal disease, when there is clinical,
biochemical or radiological suspicion of systemic disease [36].
FDG-PET is mainly useful in the assessment of local recurrence
and metastatic disease when conventional imaging is not
helpful [37]. Currently, it is considered as a primary staging
modality in rectal cancers. Finally, bone scintigraphic scans
and brain imaging are required, only in the presence of relative
symptomatology.
In summary, MRI has been shown to accurately identify
the depth of extramural invasion, the presence of lymph node
metastases, EMVI and CRM involvement. By demonstration
of accurate measurement of the depth of extramural tumor
spread, the MERCURY Study enabled accurate preoperative
prognosis [3,28].

RECOMMENDATION
3. Based on the distance of its distal part to the anal
verge, rectal cancer are categorized as low (up to
5 cm), middle (from >5 to 10 cm) or high (from >10
up to 15 cm) (LOE IV; SOR B) (ROVC: 96%)
4. Accurate diagnosis of tumor localization and local
extension (T stage), lymph node involvement
(N-stage), extramural vein status and potential CRM
positivity are essential to define treatment strategy
(LOE III; SOR A) (ROVC: 96%)
5. Rigid proctoscopy is accurate and more reliable
than flexible endoscopy in defining the location of
a rectal tumor (LOE IV; SOR A) (ROVC: 88%)
6. MRI is highly accurate in defining location and
length of a rectal tumor (LOE III; SOR A) (ROVC:
98%)
7. Depending on availability and expertise, ERUS is
preferably used in early mobile rectal tumors (T1,
T2) to accurately define T stage (LOE III; SOR B)
(ROVC: 89%)
8. If ERUS is not available, staging of early rectal (T1,
T2) tumors can also be achieved by MRI (LOE III;
SOR A) (ROVC: 89%)
9. Either ERUS or MRI may not accurately differentiate
between T2 and marginal T3 (T3a) lesions (LOE III;
SOR B) (ROVC: 86%)
10. For advanced (T3/4) middle or high rectal cancers,
MRI should be performed to accurately define T
stage (LOE III; SOR Α) (ROVC: 99%)
11. Extramural depth of tumor spread can be measured
with high accuracy by thin section high-resolution
MRI (LOE III; SOR A) (ROVC: 100%)

12. Depth of tumor invasion into the mesorectal
fat should be given in millimeters to define T3
subgroups (a-d) (LOE III; SOR A) (ROVC: 97%)
13. Depth of tumor invasion into the mesorectal fat is
of the most significant prognostic factors for local
recurrence and survival (LOE IV; SOR A) (ROVC:
82%)
14. Low rectal tumors should be locally staged by MRI,
although for determination of sphincter infiltration
ERUS could be used alternatively (LOE III; SOR A)
(ROVC: 90%)
15. For determination of mesorectal fascia (CRM)
positivity, MRI should be used (LOE III; SOR A)
(ROVC: 99%)
16. MRI and MDCT are equivalent for the detection
of suspected mesorectal and pelvic sidewall lymph
nodes, defined by size ≥8 mm. Additional features
of lymph node involvement are heterogeneity and
irregular border, best identified by MRI (LOE III;
SOR A) (ROVC: 92%)
17. Abdominal CT or MRI and chest X-ray, although
chest CT is preferred, are the minimal requirements
for staging of distant metastases (LOE IV; SOR B)
(ROVC: 100%)
18. MDCT or MRI are the preferred modalities for the
evaluation of colorectal liver metastases, but for
resolving differentiation problems MRI is preferred
(LOE IV; SOR B) (ROVC: 96%)
19. FDG-PET should not be used routinely for initial
staging (LOE IV; SOR B) (ROVC: 99%)
20. FDG-PET is advocated when synchronous liver
metastasis is present and extra-mesorectal and
extra-hepatic disease must be assessed in order to
define therapeutic strategy (LOE II; SOR A) (ROVC:
95%)
21. Bone scan and brain imaging should only be
performed according to symptomatology (LOE V;
SOR C) (ROVC: 95%)
22. MRI-based MDT discussion is highly recommended
preoperatively to define prognostic factors and
treatment strategy in patients with rectal cancer,
to reduce CRM positivity and achieve low local
recurrence rate (LOE II; SOR A) (ROVC: 99%)

Preoperative treatment
Background

The aim of preoperative treatment is to reduce the risk
of local relapse, to improve resectability and to enable R0
resection in CRM-positive disease. There are two approaches
to preoperative therapy: short-course (25 Gy in 5 fractions) RT
and long-course (50.4 Gy in 28 fractions) RT combined with
ChT.
Annals of Gastroenterology 29

108 E. Xynos et al
Short-course RT

CRT and sphincter preservation

There are 11 more recent randomized trials of shortcourse RT versus surgery alone for resectable rectal cancer
with most of them reporting a significant decrease in local
recurrence [38-42]. Two most recent large studies, the Dutch
TME trial and the MRC CR07 trial [43,44], confirmed
the significant benefit on local control with short-course
preoperative RT even with TME surgery. Both trials showed
no benefit in survival, however, in the MRC CR07 trial
3-year disease-free survival was improved in the preoperative
irradiated group. Acute toxicity after short-course RT is usually
mild when surgery is not delayed and, although early trials
revealed a significant increase in late toxicity, this has not been
reported in the more recent studies [43,44].

There is some debate regarding the impact of long-course
CRT on sphincter preservation. Contrary to the belief that
reduction in tumor bulk after CRT will increase the likelihood
of anterior resection, the Polish study and also two metaanalyses [47,48] showed that tumor shrinkage had no impact
on the anterior resection rate [47]. Only the German study
of pre-versus post-operative long-course CRT showed a
significant increase in sphincter preservation [19].

Long-course Chemoradiotherapy (CRT)

Very limited tumor shrinkage and no tumor downstaging
is expected after short-course RT and immediate surgery,
while after the long-course CRT schedule the longer overall
treatment time and interval to surgery results in downsizing
of virtually all cancers and in pathologic complete response
(pCR) in approximately 15-20% of patients. Therefore, CRT
is indicated in locally advanced T3c,d, T4, N+ disease and
cases with a threatened or involved CRM. The same approach
is recommended for upper rectal or rectosigmoid tumors that
invade adjacent structures. MRI staging may allow a selection
of patients with early stage III disease (stage T3a/b) in whom
preoperative treatment may not be necessary [45]. Standard
long-course CRT regimens include 3D conformally planned
RT for 5.5 weeks (50.4 Gy total dose) and either continuous
infusion of 5-fluorouracil (5-FU) or capecitabine per os.
Targeted chemotherapeutic agents are not recommended in
this setting.

pCR

Most series suggest that there is improved outcome
with increasing pathological response to CRT with patients
achieving a pCR having a local recurrence risk of 1.5% and
overall survival over 90% [49]. A series of retrospective studies
from Brazil has highlighted the rationale of a ‘wait-and-see’
policy for patients who achieved a pCR [50], but long-term
prospective observational studies with more uniform inclusion
criteria are required to evaluate the risk versus benefit of this
policy.
Pre- vs. postoperative CRT

It has been shown (CAO/ARO/AIO-94 trial) that
preoperative CRT followed by adjuvant ChT compared
to postoperative adjuvant CRT significantly reduces local
recurrence, has less acute and long-term toxicity and in
addition enables a higher rate of sphincter saving surgery by
downsizing and thus improves functional outcome in low
rectal tumors [51,52]. Therefore, preoperative CRT is the
treatment of choice for all patients at higher risk for relapse
(clinical stage II/III).
Upfront ChT prior to surgery

Short- vs. long-course CRT

Three randomized trials of preoperative short- versus longcourse CRT have been reported in patients with resectable
T3/T4, any N rectal cancer [46,47]. Both trials showed
higher rates of early RT toxicity in the CRT groups but no
significant differences in late toxicity. In the Polish study [47],
the sphincter preservation rate, the local recurrence rate and
overall survival did not differ significantly between the two
groups. In the Australian trial [47], preliminary analysis also
showed no significant differences in local control or survival.
The Norwegian study [46] showed that long-course CRT is
associated with better local control of the disease and higher
survival rates compared to short-course RT. However, the
question of which schedule is superior has not been resolved
since the trials are small and underpowered to detect small
differences, and longer follow up is required.
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Intensive combination ChT, with 5-FU and oxaliplatin
(FOLFOX) combined with targeted agents has been proposed
instead of neo-adjuvant CRT prior to surgery in T3 tumors
that do not threaten the circumferential mesorectal margin, as
it achieves a pCR in more than one fourth of the cases. This
approach is not recommended outside clinical trials, because
of limited available data.
Upfront ChT prior to preoperative CRT

In locally advanced rectal tumors, intensive and ChT with
or without the addition of targeted agents prior to neo-adjuvant
treatment and surgery has been associated with increased R0
rate and reduced rate of metastatic disease [53,54]. However,
data are limited and the approach should not be applied outside
investigational clinical trials.
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RECOMMENDATIONS
23. Preoperative CRT may be omitted in good prognosis
patients staged by high-resolution MRI, as cT2,
T3a/T3b, N0, with no threatened mesorectal fascia
(CRM). Short-scheme RT could be considered
(LOE III; SOR A) (ROVC: 81%)
24. Short-course RT is effective for resectable rectal
tumors with no CRM involvement, where
downsizing is not necessary. Moreover, it is more
cost effective and time saving as compared to long
course CRT (LOE I; SOR A) (ROVC: 93%)
25. Preoperative treatment is recommended in locally
advanced tumors (≥cT3, CRM+, EMVI and/or N+).
It may be also considered for T2 tumors of the lower
rectum (LOE III; SOR A) (ROVC: 92%)
26. Long-course CRT is superior to RT in rectal tumors,
where down-sizing and down-staging is necessary
(LOE I; SOR A) (ROVC: 99%)
27. Long-course CRT is the treatment of choice for
patients with non-resectable rectal cancer or a
positive CRM (LOE I; SOR A) (ROVC: 99%)
28. Short-course RT followed by ChT and definite
surgery after an interval of 8-12 weeks for locally
advanced lesions is experimental and cannot be used
outside of ongoing clinical trials (LOE II; SOR A)
(ROVC: 94%)
29. For tumors of the upper rectum and rectosigmoid,
neo-adjuvant CRT is recommended in case of
invasion of the adjacent structures and where en-bloc
resection does not seem feasible (LOE III; SOR C)
(ROVC: 97%)
30. In ChT, either 5-FU/LV bolus, or 5-FU infusion or
capecitabine can be used. Use of targeted agents
in the setting of neo-adjuvant treatment is not
indicated (LOE I; SOR A) (ROVC: 99%)
31. When indicated, preoperative CRT is the standard
treatment. Postoperative adjuvant CRT is indicated
whenever there is an increased risk of local recurrence
following surgery and neo-adjuvant treatment was
indicated but not given (LOE II; SOR A) (ROVC:
93%)
32. Intensive ChT instead of CRT prior to surgery
for tumors not threatening the circumferential
mesorectal margin is not recommended outside
clinical trials (LOE III; SOR A) (ROVC: 100%)
33. Intensive upfront ChT prior to CRT and surgery for
locally advanced tumor should only be performed
within the frame of clinical trials (LOE II; SOR A)
(ROVC: 98%)
Staging after preoperative CRT
Background

Given the fact that major pelvic surgery for locally
advanced rectal cancer is associated with postoperative

morbidity of 40-50% [55], selecting patients for observation
(ypT0, ypN0) or for local excision (ypT0-2, ypN0) after CRT,
although within research protocols at present, represents a
major challenge. Hence accurate restaging is of paramount
importance. Most of the studies suggest that none of the
available imaging modalities (ERUS, standard MRI, CT,
or FDG-PET) are sufficiently accurate in identifying
complete remission after CRT, offering PPV as low as
17-50% [32,56,57].
Downsizing of rectal cancer after CRT to ypT0-2 tumor
can be predicted accurately by using MRI, with a high PPV at
the cost of a lower NPV, because of diffuse fibrosis usually seen
after RT therapy and inability to distinguish between only
fibrosis and fibrosis with tumor cell nests. After volumetric
analysis, when the initial tumor volume is less than 50 cm3
and the decrease in volume after CRT is more than 75%, then
a ypT0-2 can be predicted [3]. It has recently been shown
that MRI can identify the presence of residual tumor foci
with good agreement between MRI tumor regression grade
and histopathologic tumor regression grade [58].
Optimally, pre and post CRT MRI scans should be done
with the same, optimized high-resolution MRI protocol using
the same parameters, allowing for a more accurate assessment
of tumor regression, potential operability and type of surgery
to be offered. Parameters to be reassessed are in particular:
i) tumor height and reduction in craniocaudal length, which
may have an impact on the choice of operation; and ii) new
CRM status, clear of areas of fibrosis, which represents the
margins of resection, rather than tumor regression, which may
still harbor malignant cells [25].
Selecting patients for local transanal excision after CRT,
strictly within research protocols, relies not only on accurate
prediction of ypT0-2, but also on accurate prediction of
ypN0 lesions [59]. The morphological criteria (i.e. signal
heterogeneity, irregular borders and size) used in pretreatment MRI for evaluation of nodal status still apply after
CRT. Accurate non-invasive MRI assessment of regression of
poor-prognosis stage N2 disease to N0 or N1 indicates effective
therapy [60].
The most recent multicenter prospective study in the
field (MERCURY trial) [61] evaluated the prognostic
relevance of post-neo-adjuvant therapy MRI assessment
of tumor stage, nodal status, CRM, and MRI assessment of
tumor regression grade (mrTRG) system in association with
overall survival, disease-free survival and local recurrence
in patients undergoing neo-adjuvant therapy and TME
surgery. The study showed a significant correlation between
radiologically determined tumor response and long-term
outcomes and has shown that MRI assessment of tumor
regression grade after preoperative therapy predicts overall
survival, disease-free survival and patient prognosis, before
surgery. Therefore, high-resolution MRI protocols with
assessment of post-treatment TRG and CRM status can
effectively help the MDT individualize treatment options
before definitive surgery.
Diffusion-weighted MRI (DWI) helps differentiate
between residual tumor, which possesses a higher cellularity
and shows a high signal and fibrosis [62]. By combining
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morphological with functional imaging information, MRI
and DWI can significantly improve sensitivity for selection
of complete responders and thus reduce interpretation
difficulties when the primary tumor bed has become fibrotic
after RT treatment, resulting in less overestimation of tumor
in patients with a complete tumor response. Nevertheless,
interpretation errors can still occur with DWI [59,63].
Also, adding DWI to T2-weighted imaging can improve
the prediction of tumor clearance in the mesorectal fascia
after neo-adjuvant CRT before curative surgery, compared
with T2-weighted imaging alone in patients with locally
advanced rectal cancer. However, the challenge of small
tumor cell-clusters identification, difficult to detect even
at histology, still remains beyond the detection level of any
imaging modality.
Although PET using 18FDG tracer can be of some help
in the evaluation and prediction of response to CRT, PET
is less reliable in identifying complete responders after
completion of CRT and cannot differentiate between ypT0-2
and ypT3-4 tumors or fibrosis with or without tumor [64].
PET is reserved for the evaluation metastatic or recurrent
disease, but its role for assessing mesorectal nodes is limited
because mesorectal nodes are most frequently found at the
level of the tumor and the avid metabolic uptake of 18FDG
tracer within the primary tumor obscures visualization of
the nodes [34,65].

RECOMMENDATION
34. Before reporting restaging MRIs, pre-treatment
images should be reviewed and pre and post CRT
MRI scans should be done with the same optimized
high-resolution MRI protocol, and the same
parameters should be assessed (LOE V; SOR A)
(ROVC: 95%)
35. Phased array MRI using high-resolution
examination protocols distinguishes more
accurately ypT0-2 from ypT3 rectal tumors, with
a high PPV after neo-adjuvant CRT, than standard
MRI, CT or ERUS (LOE III; SOR A) (ROVC: 97%)
36. High-resolution MRI for the assessment of TRG
after preoperative therapy predicts overall survival,
disease-free survival and prognosis, before definitive
surgery (LOE III; SOR A) (ROVC: 85%)
37. MRI is used for the assessment of regression of
mesorectal lymph nodes after neo-adjuvant CRT
(LOE V; SOR C) (ROVC: 88%)
38. Addition of DWI to optimized rectal MRI protocol
improves the selection of complete responders after
CRT (LOE IV; SOR B) (ROVC: 90%)
39. ERUS, CT, standard MRI, or FDG-PET are not
appropriate imaging modalities to identify true
complete responders to CRT (LOE IV; SOR Β)
(ROVC: 86%)
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Definitive local surgical treatment
General measures

Although bowel mechanical preparation prior to surgery
is not recommended in resections of the colon with primary
anastomosis, in rectal cancer cases where resection of the
rectum with low colo-anal anastomosis is planned to be covered
by a defunctioning stoma, bowel cleansing is recommended.
There is substantial evidence that application of enhanced
recovery programs in rectal cancer surgery is associated
with reduced stress, reduced duration of postoperative ileus,
better physical performance, lower morbidity and faster
recovery [66-69]. Therefore, implementation of “fast-track” is
strongly recommended in rectal cancer surgery.
Transabdominal resection of the rectum is the standard
treatment of rectal cancer. A large range of surgical procedures
aiming to cure rectal cancer is applied. The exact type of procedure
depends on the location and histological characteristics of the
tumor. In any case, surgical resection should be curative (R0).
It is of paramount importance to locate exactly the position
of the tumor (distance form anal verge - anterior, lateral or
posterior location), and this is achieved with rigid proctoscopy.
The procedures available include high anterior resection of the
rectum, low anterior resection of the rectum (LARR), ultraLARR, intersphincteric resection of the rectum (IS-LARR),
different types of abdominoperineal resection of the rectum
(APR) and local excision of the tumor (open transanal or
transanal endoscopic microsurgery, TEM).

RECOMMENDATIONS
40. Patients with rectal cancer should be treated in
specialized centers by an MDT (LOE III; SOR A)
(ROVC: 100%)
41. Hemoglobin blood level should ideally be
>10 g/100 mL and clotting mechanisms corrected if
impaired prior to surgery (LOE II; SOR A) (RAVC:
99%)
42. Preoperative baseline determination of serum CEA
levels is recommended as a first-line surveillance test
(LOE III; SOR A) (ROVC: 93%)
43. Bowel mechanical preparation is recommended
if a diverting stoma is planned (LOE III, SOR B)
(ROVC: 91%)
44. Implementation of enhanced recovery programs
should be encouraged (LOE I, SOR A) (ROVC: 100%)
45. Transabdominal resection is the standard treatment
irrespective of stage of tumor. Resectional surgery
should be curative (R0) (LOE III; SOR A) (ROVC:
97%)
46. The type of surgery depends on the exact tumor
location (LOE III; SOR A) (ROVC: 100%)
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Interval from end of neo-adjuvant treatment and
definitive surgery
In case of neo-adjuvant treatment in the form of
short-course RT, the time interval of surgery is 1-2 weeks
[39,40,47]. Following a long course of CRT, the exact time
interval to surgery has not been defined, and varies from 6 to
12 weeks [19,70]. This depends on the grade of tumor response
to neo-adjuvant treatment. Even if a complete response (CR)
is detected on pelvic MRI 6 weeks after the end of treatment,
this should be followed by resection of the rectum. Deferral
of surgery in case of CR is only allowed within the frame of
a research protocol (“wait-and-watch” or “expectant” policy).
In case of locally advanced (≥T3c/T4) rectal cancer, neoadjuvant CRT aims to downsize and downstage the local
disease [71]. If response is favorable as assessed by pelvic
imaging, curative resection (R0) can be achieved. There is good
evidence that patients with pCR after CRT show significantly
lower local recurrence and higher survival rates than those
with partial response [72,73].

embryologic envelop, that is the posterior mesorectal fascia and
the Denonvillier’s fascia. This is achieved by sharp dissection
in the well-confined embryological planes and by preserving
the autonomic pelvic nerve plexuses [1,2]. The macroscopic
assessment of the quality of the resected specimen according
to specific definitions [76-78] is mandatory. A complete TME
specimen with intact fascia and no coning towards the bowel
wall (intramesorectal or muscularis dissection) is a strong
positive prognostic factor of local recurrence prevention [79],
as is the negative by 1-2 mm CRM [76]. The distal to the tumor
transection of the rectum is achieved either transabdominally
or transanally, and the colo-anal anastomosis is fashioned with
the use of a circular stapling device or by hand respectively.
A temporary defunctioning stoma to protect the
anastomosis is strongly recommended, particularly in case
of a very low colo-anal anastomosis, an anastomosis in the
obese male patient, and after neo-adjuvant treatment [80,81].
The defunctioning stoma can be closed 3-6 months later,
provided anastomosis is complete and leak is not identified by
proctoscopy or double contrast imaging.
Upper rectal tumors

RECOMMENDATIONS
47. The interval between the end of neo-adjuvant short
course of radiation and surgery is 1-2 weeks (LOE II,
SOR A) (ROVC: 80%)
48. The interval between the end of neo-adjuvant
CRT and surgery varies between 6 and 12 weeks,
depending on the grade of response (LOE III, SOR B)
(ROVC: 92%)
49. In cases of complete response to neo-adjuvant
treatment, as assessed by high-resolution MRI
6-8 weeks after end of treatment, transabdominal
resection is again the standard treatment. Deferral
of surgery and “wait-and-watch policy” could be
followed only within the context of clinical trials
(LOE III, SOR A) (ROVC: 98%)

Transabdominal resection: surgical principles
Background

The surgical principles of radical transabdominal resection
for rectal cancer include: i) central ligation and division of the
inferior mesenteric artery (IMA). Although it has been claimed
that there is not any significant difference in short-term
outcomes and oncological results between a high tie of the IMA
and a low tie after the origin of the left colic artery [74], current
evidence [75] shows that high IMA ligation and apical lymph
node status assessment are of critical prognostic significance;
ii) ligation and division of the inferior mesenteric vein just
below the pancreas; iii) mobilization of the splenic flexure if
necessary; and iv) TME which involves en-bloc removal of the
package of the rectum and mesorectum covered by their intact

For tumors located at the upper third of the rectum and
the rectosigmoid junction a high anterior resection of is
recommended. The procedure involves the aforementioned
described central to the tumor dissection of the bowel and
a clear distal margin of transection of at least 5 cm. TME
is recommended, although partial mesorectal excision is
an alternative option. A stapled colo-rectal anastomosis is
preferable. A diverting stoma is also recommended in case of
neo-adjuvant treatment.
Mid rectal tumors

For tumors located in the middle rectum (6-10 cm from the
anal verge), LARR with TME, and preservation of the pelvic
nerve plexuses is indicated. A clear distal bowel margin of at
least 1 cm is required. However, a distal margin <1 cm may be
adequate, provided that pathology report confirms a negative
margin and CRT has preceded surgery [82]. A stapled colorectal anastomosis is preferable. A diverting stoma is also
recommended in almost all cases [83].
Low rectal tumors

For T1, N0 tumors or T2-3, N0 subjected and responding
to CRT and in which a distal bowel clearance >1 cm does
not involve a major part of the external anal sphincter, a
LARR with TME and intersphincteric distal dissection with
hand-sewn colo-anal anastomosis is recommended [84-86].
Intersphincteric resection for low and ultra-low rectal cancer
is associated with low morbidity, local recurrence rate of
approximately 7%, disease-free survival of 78% and acceptable
functional results [72]. For those cases with the above tumor
characteristics, but in whom a colo-anal anastomosis is
Annals of Gastroenterology 29

112 E. Xynos et al

expected to be associated with poor functional results, an
intersphincteric APR is recommended [87]. Either stapled or
hand-sewn, colo-anal anastomosis should be protected by a
diverting stoma [83].
Anastomotic leak

Of the most embarrassing and potentially catastrophic
problems of restorative colorectal surgery is anastomotic leak,
reported in varying rates of 1-30%. Patient- and techniquerelated risk factors for anastomotic leak include advanced
age, male sex, obesity, comorbidities such as diabetes mellitus
or immunosuppression, preoperative pelvis RT, anastomotic
tension and inadequate blood supply [88]. There is substantial
evidence that anastomotic leakage from a colo-rectal or
colo-anal anastomosis, apart from increased immediate
morbidity and mortality, is associated with increased rate of
local recurrence and reduced survival [83,89], although no
impact of anastomotic leak on oncological outcomes has been
reported [90]. Therefore, all technical preventive measures
should be taken during surgery.

RECOMMENDATIONS
50. The main principles of curative surgery include:
i) central ligation of IMA; ii) resection of the sigmoid
colon; and iii) dissection of rectum and mesorectum
along their embryological planes (fascia propria),
thus achieving a TME (LOE III; SOR A) (ROVC:
99%)
51. For tumors of the upper third of rectum, a high
anterior resection of the rectum with a partial or
total (TME) mesorectal excision and a distal clear
bowel margin of at least 5 cm are indicated. Addition
of a diverting stoma in case of neo-adjuvant CRT is
recommended (LOE II; SOR A) (ROVC: 95%)
52. For tumors of the middle third of rectum a LARR
with TME and a distal clear bowel margin of at
least 1 cm are recommended. Pelvic nerve plexuses
should be preserved during dissection (LOE III;
SOR A) (ROVC: 100%)
53. Fashioning of a stapled anastomosis, if technically
feasible, is preferable. Pull-through technique and
hand-sewn anastomosis is an alternative technique.
Addition of a diverting stoma is mandatory in all
cases (LOE I; SOR A) (ROVC: 94%)
54. For low and very low T2–T3 rectal tumors in
which distal bowel clearance of at least 1 cm
does not involve the external anal sphincter, an
intersphincteric LARR with TME after neo-adjuvant
treatment, stapled or hand-sewn anastomosis and
covering stoma are recommended (LOE II; SOR B)
(ROVC: 96%)
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Diverting stoma
Background

It has been suggested that a diverting stoma reduces the
rate, or at least reduces the severity of clinical manifestation,
of anastomotic leak from a low colo-rectal or colo-anal
anastomosis. Reports are conflicting; according to some
meta-analyses and comparative studies, a protective stoma
minimizes the rate of anastomotic leak and anastomotic
leak-related morbidity and reoperation rates [80,81,91-93].
Others [94] support the view that similar anastomosisrelated morbidity is accounted between patients with and
those without a protective stoma, and that standard use of
a defunctioning stoma should be questioned. According to a
more recent study [95], application of defunctioning stoma
should be tailored to the level of anastomosis: a protective
stoma in low colorectal anastomosis does not prevent
anastomosis-related morbidity, whilst a protective stoma is
mandatory in colo-anal anastomosis by preventing sepsis
and septic shock and by reducing reoperation rate because
of anastomotic leak. In conclusion, colo-anal anastomosis
should always be protected with a proximal stoma. In low
colo-rectal anastomosis, a defunctioning stoma should be
applied in case of increased risk of anastomotic leak, such as
male sex, obesity, respiratory insufficiency or preoperative
CRT.
There is no clear answer which type of diversion,
loop ileostomy or loop colostomy, is superior in terms of
morbidity. Ileostomy is associated with significantly less
prolapse, less septic complications and reoperation rates
compared with colostomy. On the contrary, lower rates of
dehydration and renal failure are seen after defunctioning
colostomy. Therefore, it is recommended that defunctioning
ileostomy should be preferred, and colostomy should be
reserved for the elderly who are more likely to present with
dehydration [96-98].
Closure of the defunctioning stoma is attempted 6-8 weeks
after initial surgery, provided that the patient is not subjected
to adjuvant treatment and the integrity of the anastomosis has
been assessed. In case of adjuvant treatment, closure of the
defunctioning stoma is attempted at 4-6 weeks after the end of
treatment. Closure of colostomy usually requires laparotomy,
while of loop ileostomy is usually performed at the stoma site.
A 20% of morbidity and 8% of reoperation rate are associated
with the closure of ileostomy [99].
RECOMMENDATIONS
55. A defunctioning stoma should be applied in
case of colo-anal anastomosis to reduce the rate
anastomotic related morbidity and reoperation rate
(LOE I; SOR A) (ROVC: 100%)
56. In low colo-rectal anastomosis, a protective stoma is
recommended in case of increased risk of anastomotic
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RECOMMENDATIONS
leak, such as obesity, male sex, preoperative CRT or
chronic respiratory insufficiency (LOE II; SOR C)
(ROVC: 96%)
57. Defunctioning ileostomy is preferred over
colostomy, because it is associated with lower septic
complications at the stoma site and lower rate of
reoperation (LOE II; SOR B) (ROVC: 90%)
58. Defunctioning ileostomy is associated with higher
rates of dehydration, renal failure and readmissions
than defunctioning colostomy. The latter is preferred
in case of an elderly patient prone to develop
dehydration (LOE II; SOR B) (ROVC: 89%)
59. Defunctioning stoma is reversed at 8 weeks after
surgery if no further treatment is required or at
4-5 weeks after the end of any adjuvant treatment
(LOE III; SOR B) (ROA: 81%)

APR of rectum
Background

For low rectal tumors in which distal bowel clearance of
>1 cm involves the major part of the external anal sphincter,
an APR is indicated. Data from the Swedish Registry [100]
and a review [101] show that standard APR for T3,4 rectal
cancers is associated with higher local recurrence rate and
a worse overall survival compared to LARR. This difference
could be at first attributed to the fact that patients subjected to
APR have tumors that are more advanced and exhibit different
patterns of recurrence [102-104]. However, it is supported that
standard APR achieves a suboptimal resected specimen with
commonly threatened CRM at the level of the levator ani which
translates to increased recurrence rates [105], and is usually
associated with increased rate of intraoperative perforation at
the level of tumor site [106]. For this reason a more extended
form of APR is recommended: the so-called “extralevator” or
“cylindrical” APR (ELAPE) [106-108] by which a complete
resected specimen is acquired [109], and better oncological
results are expected, although current evidence is not robust
at present to support this expectation. The objection to the
ELAPE is that impaired CRM and perforation at the tumor
level practically occurs in case of anterior location of the
lesion, in which case even the ELAPE cannot improve the
quality of the resected specimen [106,110]. Also, according
to recent reports, positivity of CRM and perforation rate
do not differ between standard APR and ELAPE [110-112].
Reports on morbidity after ELAPE are conflicting, being
either increased [111,112] or similar [110] to standard APR.
Commonly, after the end of resection, closure of the perineal
gap is achieved with the use of musculo-cutaneous flaps
or biological prostheses [107,108,113]. The procedure is
completed with a terminal colostomy.

RECOMMENDATIONS
60. For tumors of the lower third of rectum in which
distal bowel clearance of at least 1 cm involves
removal of the major part of the external anal
sphincter, APR with TME and permanent colostomy
is recommended (LOE I; SOR A) (ROVC: 98%)
61. The cylindrical or extralevator APR is supposed
to offer a better quality of specimen and less
CRM positivity at the level of puborectalis muscle
compared with standard APR (LOE II; SOR B)
(ROVC: 97%)

Locally advanced rectal tumor
Background

In case of locally advanced rectal tumor, the type of resection
depends on the extent of local disease, and varies from TME
with LARR or APR to pelvic exenteration or/and sacral
bone excision, similar to recurrent rectal cancer [114-116].
If an R0 resection is not possible, palliative measures can be
undertaken [117,118].

RECOMMENDATIONS
62. Locally advanced T4 tumors must be treated with
upfront CRT, followed by extensive -beyond TMEsurgery, only when an R0 resection can be achieved
(LOE III; SOR A) (ROVC: 94%)
63. If an R0 resection of locally advanced T4 tumor,
irresponsive to neo-adjuvant CRT, is not possible,
palliative measures can be undertaken (LOE III;
SOR A) (ROA: 96%)

Laparoscopic-assisted colectomy
Background

Evidence on the laparoscopic approach for the surgical
treatment of rectal cancer is accumulating rapidly, but at present
fails to offer clear answers on several issues, mostly immediate
postoperative morbidity, oncological outcomes and urinary
and sexual function. According to the multicenter “CLASICC”
trial [119,120] and several meta-analyses of comparative
studies of limited quality [121-127], laparoscopic TME is as safe
and effective as the open approach, both in terms of immediate
postoperative outcomes and of oncological results. Moreover,
laparoscopy is associated with faster recovery [128,129].
Also, quality of surgery and acquired specimen is comparable
between the two approaches [123,130,131]. Therefore,
the laparoscopic approach could be an alternative to the
open for the surgical treatment of rectal cancer in selected
Annals of Gastroenterology 29

114 E. Xynos et al

cases (recommendations by the European Association for
Endoscopic Surgery - EAES) [132].
Specific to the laparoscopic approach are some technical
problems. Transection of the rectum distal to the tumor upon the
pelvic aspect of the levator ani and a stapled colo-anal anastomosis
are technically difficult, particularly in the obese male patient.
These difficulties translate into increased conversion and
anastomotic leak rates compared with the open approach [133].
For the above reasons, laparoscopic TME surgery for rectal
cancer should only be performed by experienced surgical groups
and at present within the frame of research protocols.

RECOMMENDATIONS
64. The laparoscopic approach for the surgical treatment
of rectal cancer should be strictly applied by a very
experienced surgical team. The principles of resection
are the same as in the open approach. The approach
is not indicated in locally advanced, perforating or
obstructing tumors (LOE II; SOR Α) (ROVC: 99%)
65. Predicting factors for conversion to open should
be identified preoperatively, because under specific
circumstances conversion may be associated with
impaired short- and long-term outcomes. When
conversion is anticipated with high probability
the open approach should be preferred (LOE IIΙ;
SOR A) (ROVC: 97%)
66. Obesity and male sex are factors associated with
increased conversion and morbidity as a result of
technical difficulties with distal transection of the
rectum and stapled anastomosis. In these cases,
alternative techniques such as hybrid laparoscopicopen approach or transanal transection and handsewn anastomosis are recommended (LOE III;
SOR C) (ROVC: 98%)

Transanal excision carries the advantages of sphincter
preservation, minimal morbidity, no mortality and fast
recovery [134]. The disadvantage of the procedure is lack of
pathological staging of regional lymph nodes and lack of
information about lymph node micrometastases that tend to
be as common as 10% in early rectal lesions [135-138].
As far as long-term oncological results are concerned,
reports from studies of rather poor quality are conflicting. Some
authors claim that local excision of T1, N0 tumors and T2, N0
after neo-adjuvant treatment is associated with recurrence
rate similar to radical resection [139-141]. Opposite are the
results reported by others [142], who showed a recurrence
rate of 13.2% after local excision as compared to 2.7% after
radical resection in 282 patients with T1 rectal tumor. They
also found a 20% nodal involvement in patients subjected to
radical resection. These results depict the inability to accurately
stage the disease after local excision. Waiting for the results
of several ongoing trials which test the oncological safety of
local excision, the procedure is not recommended even for T1,
with the exception of patients who refuse a radical resection or
those with a poor general condition [143].

RECOMMENDATIONS
67. In patients with cT1 tumors, less than 3 cm in diameter
and occupying less than one third of the lumen
circumference, with microscopic characteristics of
good prognosis, refusing transabdominal surgery, or
presenting co-morbidities that precludes standard
resectional surgery, transanal resection or TEM
could be considered (LOE II, SOR Β) (ROVC: 100%)
68. Resection should be full thickness and perpendicular
to the rectal wall, including adjacent perirectal fat
with clear rectal wall and fat margins of at least
3 mm (ROVC: 99%)

Transanal local excision

Non-operative approach after combined modality therapy
(CMT)

Background

Background

Transanal local excision is recommended for T1, N0-x
or T2, N0-x lesions after neo-adjuvant CRT that are small
(<3 cm), involve less than 30% of the lumen circumference,
and are preferably located laterally or posteriorly and within
8 cm from the anal verge. With the application of TEM, even
tumors located higher than 8 cm from the anal verge can be
resected successfully. Local excision should be of full thickness
and perpendicular to the rectal wall, including adjacent
perirectal fat with clear rectal wall and fat margins of at least
3 mm. It is important to orient the specimen and fix it on a
corkboard prior to be sent to the pathology department. If
pathologic examination shows positive margins, poor tumor
differentiation, perineural invasion, extramural vein invasion,
tumor budding or lymphovascular invasion, a transabdominal
radical resection is recommended.

After neo-adjuvant CRT for locally advanced rectal cancer,
pCR with no residual tumor at surgery is observed in 13-25%
of the cases [73,144-146]. Also, there is substantial evidence
that patients with pCR after CMT, subjected to TME, show
excellent oncological outcomes, with a local recurrence rate
of only 0.7%, distant metastasis rate of 8.7%, overall survival
of 90% and disease-free survival of 87% [72]. Considering
that definitive surgical treatment is associated with significant
morbidity and that patients with pCR after CMT are of good
prognosis, “expectant policy” and “deferring surgery” in case
of recurrence could be a rational policy. If patients with pCR
are approached non-operatively and observed closely, local
and distant recurrence are seen in only 0-1.6% and 0-8.9%
respectively [49,72,144-152]. However, opposite results
concerning recurrence after initial pCR show rates greater
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than 80% within the first year [153]. Therefore, non-operative
management should be reserved only for those with durable
pCR. At present, non-operative treatment in patients with
pCR after CRT should be applied in research protocols, and
be reserved for patients unfit or unwilling to undergo surgery.

RECOMMENDATIONS
69. Non-operative approach and expectant policy for
rectal cancer with clinical CR after neo-adjuvant
CRT is performed only in the context of clinical
trials. It can also be offered to patients unfit or
unwilling to undergo standard resectional surgery
(LOE III; SOR A) (ROVC: 99%)
70. Candidates for “expectant policy” after clinical CR
are patients with initially small, well-differentiated,
non-mucinous, T2N0 tumors (LOE III; SOR B)
(ROVC: 89%)
71. A very intensive follow-up schedule, including
pelvic MRI every 3 months for 5 years is necessary
(LOE III; SOR A) (ROVC: 82%)
72. The evidence regarding feasibility and outcomes of
salvage surgery in recurrent cases with initial clinical
CR is low (LOE IV; SOR C) (ROVC: 92%)

Stage-based strategies of treatment (Figs. 1-3)

The stage of the disease, assessed at the initial diagnostic
process and possibly modified by the pathological examination
of the resected specimen, defines the therapeutic strategy. The
following groups are in use for the stratification of treatment:
a) very early rectal tumor; b) early rectal tumor; c) more
advanced rectal tumor; d) locally advanced rectal tumor; and
e) synchronous metastatic disease.
Very early rectal tumor

Although evidence is limited and well-designed clinical
trials are required for cT1,sm1 tumors with low-risk
features, standard transanal excision or excision by means
of TEM, if technically feasible, is recommended as definitive
treatment [154,155]. For cT1,sm2 tumors with low-risk
features definitive treatment (TME) is the treatment of choice.
Local excision is not recommended outside clinical trials,
unless the patient refuses definitive treatment or has comorbidities [154,155]. If histopathology shows deeper invasion
or additional high-risk features (poor differentiation, lymphovascular, venous or neural invasion) CRT can be added with or
without definitive surgery.
Early rectal tumor

For cT1,sm3 and T2 tumor neo-adjuvant treatment is not
necessary and definitive transabdominal surgery with TME

is recommended. cT3a,b, N0, CRM (-) or non-threatening
tumors of the middle and upper rectum are treated either with
upfront short-course RT followed by transabdominal TME or
with transabdominal TME alone. According to the CR07 trial,
there is a marginal but significant benefit, in terms of local
recurrence for early rectal tumors even of the upper rectum
after preoperative short-course RT, but long-term morbidity
must be taken into account [44]. If quality of surgery has been
compromised or pathology shows positive CRM and neoadjuvant treatment has not been given, postoperative CRT
is recommended, with the expense of rather poor functional
results.
More advanced rectal tumor

For cT3c/d, or cT tumors of the middle and upper
rectum non-threatening or not involving the CRM, EMVI(-)
preoperative treatment, either short-course RT or longcourse CRT, followed by transabdominal TME surgery is
recommended. In this group, cT3a/b tumors of the lower
rectum, non-threatening or not involving the CRM, EMVI(-)
are included. Also, preoperative treatment, either short-course
RT or long-course CRT, followed by transabdominal TME
surgery is recommended. There is not enough evidence in
favor of either neo-adjuvant approach, short-course RT or
long-course CRT. The former is less costly and is associated
with acute toxicity; the latter can achieve significant downstaging and down-sizing.
Locally advanced rectal tumor

For cT3, CRM (threatening or +), or/and EMVI(+) and
T4 tumors, neo-adjuvant long-course CRT is recommended.
If response is favorable and R0 is possible, transabdominal
TME -and beyond if necessary- surgery is recommended.
Otherwise, palliative measures are recommended (see
below). In this group, patients with involved lymph nodes
of the lateral pelvic wall (obdurator, internal ileac nodes)
are included, and neo-adjuvant CRT with extended lateral
field is recommended. Surgery follows, if a R0 resection
can be achieved by either TME or/and more extended
pelvic surgery including removal of the lateral pelvic lymph
nodes [156].
Synchronous metastatic disease (Fig. 4)
Background

In case of a rectal tumor with synchronous metastatic
disease, treatment should be personalized and aim to achieve
R0 resection at all sites. There are the following options:
a)
non-symptomatic, <T3b, CRM(-), EMVI(-) rectal
tumor: 3-month perioperative CRT followed by assessment
of the response of the metastatic lesion. If response is
favorable and resection of mestastatic disease is feasible,
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Risk Factors after Local Excision
• Tumor Grade
• Mucous Secreting
• ExtraMural Venous Invasion (EMVI)
• Tumor Budding
• Lympho-Vascular Invasion (LVI)
• Peri-Neural Invasion (PNI)
• Margin of Resection (MR)

MDT Discussion
Personalization

• Local Excision
• TEM

• pT1
• Low Risk Factors

• pT1
• High Risk Factors

TME

pT1-2, N0

pT3-4 or/and N+

MDT Discussion

FOLLOW UP

FOLLOW UP

Adjuvant
• CTx or
• CRTx

Figure 1 Treatment strategy for very early rectal tumors

surgery should be considered: i) primary tumor surgery first
followed by metastatic disease resection at a second stage;
ii) metastatic disease resection first followed by resection
of primary disease at a second stage; and iii) one-stage
resection of primary and metastatic disease. In all instances,
postoperative CRT (FOLFOX) is given [157]. If response
of metastatic disease is not favorable and primary tumor is
asymptomatic, no surgery is required. Also, if R0 resection
of the primary lesion is not feasible, no surgery is required.
In both latter cases palliative measures can be undertaken.
b)
symptomatic, >T3b, CRM(+), EMVI(+) rectal
tumor: CRT followed by CRT at the resting period or upfront
CRT followed by CRT and assessment of the response of
both the primary and the metastatic lesion. Depending on
the response the following therapeutic measures are taken. If
response of both primary and metastatic disease is favorable,
with anticipated R0 resection of both: i) resection of primary
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and metastatic disease at one stage; ii) metastatic disease
resection first, followed by resection of primary disease at a
second stage; iii) primary tumor surgery first, followed be
metastatic disease resection at a second stage. If response
of metastatic disease is not favorable and primary tumor
becomes asymptomatic, no surgery is required. Also, if R0
resection of the primary lesion is not feasible, no surgery
is required. In both latter cases palliative measures can be
undertaken.

RECOMMENDATIONS
73. Treatment of synchronous metastatic disease is
based on the stage of the primary and metastatic
lesions, should be personalized, and aim at R0
resection (LOE II; SOR A) (ROVC: 100%)
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Figure 2 Treatment strategy for early rectal tumors

RECOMMENDATIONS
74. For early non-symptomatic primary rectal lesion
with resectable metastatic disease, perioperative
CRT followed by image assessment of response and
then surgery is recommended. Adjuvant CRT is
given (LOE II; SOR B) (ROVC: 91%)
75. For advanced primary rectal lesion with resectable
metastatic disease, induction CRT, followed by R0
resection of metastases, followed by CRT if required,
followed by CRT at the resting period is indicated.
If response of primary tumor is favorable, surgery
follows and adjuvant CRT is given. If an R0 resection
of the rectal lesion is not feasible, palliative treatment
is recommended (LOE III; SOR B) (ROVC: 92%)
76. In case of non-resectable metastatic disease at initial
assessment, CRT is recommended. If response allows
an R0 resection of the metastatic disease, surgery
follows. If metastatic disease does not allow an R0
resection, palliative measures are recommended
(LOE IV; SOR A) (ROVC: 100%)
77. Sequence of resection -primary or metastatic disease
first- is personalized (LOE III; SOR A) (ROVC: 94%)
Recurrent rectal cancer
Background

After introduction of neo-adjuvant treatment and
implementation of TME with clear CRM, local recurrence of

rectal cancer dropped from around 30% to below 10% [158].
Predictive factors for local recurrence of rectal cancer are
surgeon’s experience to perform TME and adequate volume of
cases, completeness of TME with clear CRM and distal margin,
and specific tumor characteristics such as differentiation
and lymphatic invasion [1,26,77,85,159]. History, physical
examination and increase in carcinoembryonic antigen (CEA)
raise suspicion for local recurrence, which is confirmed by
imaging of the pelvis (CT, MRI, PET/CT) and positive biopsy
of the mass [89].
Only fit patients should be subjected to further investigation
for the assessment of local extent of the disease and the
identification of possible distant recurrence. This procedure
should be undertaken only by an MDT in highly specialized
referral centers [85]. By imaging, local recurrence is classified
as central-axial (anastomotic, mesorectal, perineal), anterior
(involvement of genitourinary pelvic system), posterior
involvement of presacral fascia and sacrum and lateral
(involvement of lateral pelvic soft tissues, and lateral osseous
pelvis) [160]. Anastomotic and anterior recurrences are more
likely to be subjected to R0 resection than presacral-posterior
or lateral [160].
If neo-adjuvant treatment has not been given at primary
surgery, it should be administered prior to attempting resection
of recurrent disease. Even if neo-adjuvant treatment has been
given at primary surgery, an additional 30-40 Gy could be
administered [161]. Also, if available, intraoperative RT of the
pelvis can be considered [162].
The only curative treatment of locally recurrent rectal
cancer is a complete R0 resection, possible in less than 50%. The
surgical team should include colorectal surgeons, orthopedic
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MDT Discussion
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Figure 3 Treatment strategy for locally advanced rectal tumors

spine surgeon, surgeon of the genitourinary system and
plastic surgeons. Absolute contraindications for resection are
involvement of the external iliac vessels, tumor extension to the
sciatic notch, edema of the lower limb resulting from venous or
lymphatic occlusion and poor general status of the patient [163].
Relative contraindications for resection are distant metastases,
primary stage IV disease, extensive involvement of the lateral
pelvic wall, tumor extension to S2 vertebra and above, and
predicted R1 or R2 resection [89,114-116].
CT after curative surgery is recommended, although there
is no robust evidence. Immediate postoperative morbidity and
mortality are 15-80% and 0-8%, respectively. After R0 resection,
5-year survival rates are reported at around 35%. Patients after
R0 resection live longer by 38 and 53 months compared with
those after R1 and R2 respectively. As R2 resections carry
similar overall benefit to palliative treatment, they should be
avoided [164,165].
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RECOMMENDATIONS
78. Patients with rectal cancer should be treated in
highly specialized centers by an MDT, supported by
urologists, plastic surgeons, vascular surgeons and
orthopedic surgeons (LOE III; SOR A) (ROVC: 96%)
79. Staging of the disease involves pelvic MRI,
abdominal and chest CT and PET/CT (LOE III; SOR
A) (ROVC: 93%)
80. CRT should be given, if not offered prior to initial
surgery, in case of recurrent rectal tumor (LOE III;
SOR A) (ROVC: 97%)
81. Surgery is the standard option of treatment of
recurrent rectal cancer, provided that a curative (R0)
resection can be achieved. The extent of resection
depends on the location and the local extent of the
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Figure 4 Treatment strategy for synchronous metastatic disease

tumor, and the general condition of the patient.
Adjuvant CRT is indicated (LOE III; SOR A)
(ROVC: 97%)
82. If curative surgery cannot be achieved, medical
measures such as CRT, or RT could be offered (LOE
III; SOR A) (ROVC: 99%)

Pathology
Background

The guidelines of the Royal College of Pathologists in
the United Kingdom have gained widespread acceptance as

the minimum standard for reporting this disease. They are
available at https://www.rcpath.org/asset/E94CE4A2%2DD72
2%2D44A7%2D84B9D68294134CFC/.

Preparation and assessment of specimen

The macroscopic examination of the specimen is critical
and of prognostic significance. The surgical specimen
should be photographed to document the planes of surgical
dissection. The lateral resection margin of the fresh surgical
specimen must be inked. Macroscopic assessment of the
resected fresh rectal specimen should include: quality of
TME (mesorectal, intramesorectal, intramuscularis); distal
margin length of clearance; quality of Denonvillier’s fascia;
Annals of Gastroenterology 29

120 E. Xynos et al

and width of peritoneal reflection. The APR specimen
is assessed regarding presence of levator musculature
at the anorectal junction as submucosal, sphincteric or
extralevator. Also, the specimen is assessed for the presence
of perforation, in particular at the site of the tumor. Then the
specimen is opened leaving intact the tumor area and 2 cm
below and above it, and is then fixed in formalin solution
for 48 h [3]. The specimen from local excision of an early
rectal cancer is spread but not stretched on a board and
thickness and perpendicularity to the rectal wall, including
adjacent perirectal fat with clear rectal wall and fat margins,
are assessed and measured in mm. Histological examination
of the colorectal specimen is based on a method described
by Quirke and Morris [166]. After fixation, the specimen
is sliced transversely at 3-4-mm intervals, looking for
continuous spread and/or discontinuous tumor deposits
and for involved lymph nodes at the CRM. The macroscopic
CRM is measured with a ruler. The microscopic CRM
measurement is best done by using a sheet of graph paper
that is photocopied onto a sheet of acetate and cut to size,
than by using the Vernier scale [166,167]. To record any
perforation and the plane of surgical dissection anterior and
posterior surfaces should be photographed [23,151,168-170].
The gross description of the histology report must include
the length of surgical specimen, the location of the tumor (at
or below the peritoneal reflection, or the distance from the
dentate line if an abdominoperineal excision is performed, the
tumor size (3 dimensions), the length of proximal and distal
margins, the depth of invasion, tumor perforation, other
lesions not related with the tumor such as Crohn’s disease,
ulcerative colitis, polyp, familial adenomatous polyposis,
and the number of lymph nodes retrieved. Blocks should be
taken from the area closest to the CRM and any area where
the tumor extends to within less than 3 mm from the margin
[166,167,169,171].
Standard microscopic description must include: i)
histologic type, according to WHO classification. Mucinous
component, presence of signet ring carcinoma (>50% signet
ring), and medullary carcinomas should be mentioned,
as these elements affect prognosis [166,168,170,172]; ii)
histologic grade (low grade: >50% glandular formation; high
grade: <50% glandular formation) [168,171,172]; iii) T status.
In pT1 lesions, distance of tumor from the resection margin,
vascular or lymphatic invasion and the depth of invasion
into submucosa must be reported [172]; iv) total number
and number of involved lymph nodes (≥12 lymph nodes must
be found to predict actual lymph node status). Any node
containing malignant cells, irrespective of size and even
with smooth contour is considered as involved. Extramural
tumor nodules measured >3 mm without evidence of
residual lymph node tissue are considered as positive lymph
nodes [23,167,168,171,172]; v) blood, lymphatic vessel, tumor
budding, and perineural invasion (each one an independent
prognostic factor) [23,166,168,170,172]; vi) presence of
tumor infiltrating lymphocytes; and vii) surgical margin status
and residual tumor classification [R classification system with
four different grades: Rx (presence of residual tumor cannot
be assessed), R0 (no residual tumor - distance from the closest
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margin must be reported), R1 (microscopic residual tumor)
and R2 (macroscopic residual tumor)] [23,168,171,172]. The
pTNM system or ypTNM system (5th edition) is applied in
the classification of rectal cancer [23,166,168,171,172].
In addition, the microscopic description must include: TME
status; CRM status; and tumor regression after preoperative
treatment (TRG).
TME status

Mesorectal defects are classified into three categories:
a) complete: mesorectum is intact, smooth with only minor
irregularities without defect greater than 5 mm; b) moderate:
moderate bulk of mesorectum but irregularity of the mesorectal
surface. Muscularis propria is not visible with the exception
of the area of insertion of levator muscles; and c) incomplete:
little bulk of mesorectum with defects down into muscularis
propria. There is also a grading system used to determine
completeness of the mesorectal excision: grade 1 indicates
incomplete resection; grade 2 nearly complete; and grade 3
complete resection [166,169].
CRM status

CRM may be infiltrated either by direct spread or
incomplete removal of Iymph nodes that are situated just
under the mesorectal fascia. There is an increased risk for local
recurrence, distant metastases, and poorer survival, when the
CRM is involved, or measures less than 1 mm, or surgically
violated to the level of tumor deposits [23,166,168,169,172].
TRG

TRG is determined by the amount of residual viable tumor
versus the fibrous or fibro-inflammatory tissue within the gross
tumor mass. One of the methods is that of the Dworak scoring
with five grades: grade 0: no regression; grade 1: minimal
regression with obvious fibrosis; grade 2: moderate dominantly
fibrotic changes with few tumor cells or groups of cells; and
grade 4: total regression [173]. In case of total regression, the
pathologist is advised to slice and block the whole fibrotic area.
In some cases, the only finding is the presence of acellular
mucin pools within the tumor gross mass and this must be
regarded as no residual tumor [23,151,168,174].
RECOMMENDATIONS
83. Surgical quality of TME should be recorded
according to the MERCURY classification (LOE
III; SOR A) (ROVC: 99%)
84. The resected fresh rectal specimen should be
photographed at all aspects (LOE IV; SOR A)
(ROVC: 100%)
85. By macroscopic examination of the resected rectal
specimen the following morphological rectal
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86.
87.

88.
89.

90.

91.
92.
93.
94.

95.
96.
97.
98.

specimen
the
following
morphological
parameters are assessed: i) mesorectal surface
quality (mesorectal, intramesorectal, muscularis);
ii) distal margin length of clearance; iii) quality of
Denonvillier’s fascia; and iv) width of peritoneal
reflection (LOE III; SOR A) (ROVC: 92%)
Any perforation of the specimen at the tumor
site should be reported (LOE II; SOR A) (ROVC:
100%)
At the macroscopic assessment of rectal specimen
after APR, beyond TME classification, resection at
the level of anorectal junction should be classified
as submucosal, sphincteric or extralevator
(LOE III; SOR A) (ROVC: 100%)
Specimen is opened leaving intact the tumor area
and 2 cm below and above it, and fixed in formalin
solution for 48 h (LOE II; SOR A) (ROVC: 97%)
Histopathologic assessment of the local
excision specimen should include: i) status and
measurements of the circumferential and basal
resection margins; ii) depth of invasion into the
submucosa (sm1,2,3) or/and muscularis propria
or/and mesorectal fat; iii) possible invasion of
lymph vessels; and iv) grade of differentiation
(LOE II; SOR A) (ROVC: 99%)
Microscopic description should include the
histologic type and histologic grade of the tumor.
Low-grade tumor presents with >50% glandular
formation. In the high-grade tumor, a <50%
glandular formation is observed (LOE I; SOR A)
(ROVC: 99%)
Tumor invasion into the mesorectum is measured
in mm (LOE III; SOR A) (ROVC: 99%)
CRM should be assessed as negative (>1 mm from
tumor) or involved-threatened (<1 mm from
tumor) (LOE III; SOR A) (ROVC: 94%)
Tumor regression after preoperative treatment
should be graded (LOE III; SOR A) (ROVC: 99%)
In patients without preoperative treatment at
least 12 lymph nodes (ASCO guidelines)/12
lymph nodes (TNM/NICE guidelines) have to be
assessed. All identified lymph nodes should be
examined (LOE III; SOR A) (ROVC: 96%)
A discrete extramural tumor nodule with smooth
contours, irrespective of size, is considered as a
positive lymph node (SOR A) (ROVC: 89%)
Extramural tumor deposits without evidence
of residual lymph node tissue are considered as
metastatic disease (SOR A) (ROVC: 83%)
Distance of a postive lymph node or a tumor
deposit close to mesorectal fascia should be
reported separately (ROVC: 97%)
The minimum number of lymph nodes required
for accurate staging after neo-adjuvant treatment
is unknown (ROVC: 92%)

99.

Extramural venous invasion or small vessels in
the bowel wall and the presence of perineural
invasion are reported, and are considered a bad
prognostic factor (LOE; SOR) (ROVC: 100%)
100. The intratumoral lymphocytic infiltration is
associated with microsatellite instability and is
considered an independent favorable prognostic
factor (LOE; SOR) (ROVC: 94%)
101. Using the R classification system, surgical margin
status should be reported (SOR A) (ROVC: 100%)
102. Rectal cancer is classified according to the pTNM
system or ypTNM (5-7) system in resection
specimens after CRT. The exact classification
system should be reported (SOR A) (ROVC: 99%)

Follow up

See relative chapter in Part II: Surgical treatment of colon
cancer [6].

Concluding remarks
Members of the HeSMO and other experts formed an MDT,
assigned to develop guidelines on rectal cancer management.
Embracing background knowledge and current evidence, the
executive committee constructed a document from which
derived statements were subjected to Delphi methodology to
achieve as maximum consensus as possible. The aim of the
present effort was to improve quality in the diagnosis, staging
and treatment of rectal cancer, within the frame of the local
National healthcare system.
Authors’ affiliations
General Surgery, InterClinic Hospital of Heraklion, Greece (Evangelos
Xynos); bColorectal Surgery, Chelsea and Westminster NHS Foundation
Trust, London, UK (Paris Tekkis, Panagiotis Georgiou); cGeneral Surgery,
Metropolitan Hospital of Piraeus, Greece (Nikolaos Gouvas); dRadiation
Oncology, Iatriko Center of Athens, Greece (Louza Vini); eRadiology,
University Hospital of Heraklion, Greece (Evangelia Chrysou);
f
Pathology, University Hospital of Heraklion, Greece (Maria Tzardi);
g
Radiation Oncology, Oncology Center of Bank of Cyprus, Nicosia,
Cyprus (Vassilis Vassiliou); hMedical Oncology, Bioclinic of Thessaloniki,
Greece (Ioannis Boukovinas); iGeneral Surgery, Athens Naval &
Veterans Hospital, Greece (Christos Agalianos, George Pechlivanides);
j
Medical Oncology, Venizeleion Hospital of Heraklion, Greece (Nikolaos
Androulakis); kMedical Oncology, Koutlibaneion Hospital of Larissa,
Greece (Athanasios Athanasiadis); lMedical Oncology, Metropolitan
Hospital of Piraeus, Greece (Christos Christodoulou); mGeneral Surgery,
Konstantopouleio Hospital of Athens, Greece (Christos Dervenis);
n
Medical Oncology, Interbalkan Medical Center, Thessaloniki, Greece
(Christos Emmanouilidis); oMedical Oncology, Iaso General Hospital,
Athens, Greece (Ourania Katopodi); pMedical Oncology, Oncology
a

Annals of Gastroenterology 29

122 E. Xynos et al
Center of Bank of Cyprus, Nicosia, Cyprus (Panteleimon Kountourakis,
Demetris Papamichael); qMedical Oncology, University Hospital of
Patras, Greece (Thomas Makatsoris); rMedical Oncology, Ippokrateion
Hospital of Athens, Greece (Pavlos Papakostas); sMedical Oncology,
University Hospital of Ioannina, Greece (Georgios Pentheroudakis);
t
Gastroenterology, Theageneion Cancer Hospital, Thessaloniki, Greece
(Ioannis Pilpilidis); uMedical Oncology, Agioi Anargyroi Hospital of
Athens, Greece (Joseph Sgouros); vRadiology, Konstantopouleio Hospital
of Athens, Greece (Charina Triantopoulou); wMedical Oncology, George
Gennimatas General Hospital, Athens, Greece (Spyridon Xynogalos);
x
Medical Oncology, Dexeus University Institute, Barcelona, Spain (Niki
Karachaliou); yMedical Oncology, Metaxas Cancer Hospital, Piraeus,
Greece (Nikolaos Ziras); zGeneral Surgery, University Hospital of
Heraklion, Greece (Odysseas Zoras); &Medical Oncology, University
Hospital of Heraklion, Greece (John Souglakos)

15.

16.
17.
18.
19.
20.

References
1.
2.
3.
4.
5.
6.

7.
8.

9.

10.

11.
12.
13.

14.

Heald RJ, Husband EM, Ryall RD. The mesorectum in rectal cancer
surgery--the clue to pelvic recurrence? Br J Surg 1982;69:613-616.
Heald RJ, Moran BJ, Brown G, et al. Optimal total mesorectal
excision for rectal cancer is by dissection in front of Denonvilliers’
fascia. Br J Surg 2004;91:121-123.
Group MS. Extramural depth of tumor invasion at thin-section
MR in patients with rectal cancer: results of the MERCURY study.
Radiology 2007;243:132-139.
Colorectal Cancer Collaborative G. Adjuvant radiotherapy for
rectal cancer: a systematic overview of 8,507 patients from 22
randomised trials. Lancet 2001;358:1291-1304.
Verdecchia A, Francisci S, Brenner H, et al. Recent cancer survival
in Europe: a 2000-02 period analysis of EUROCARE-4 data.
Lancet Oncol 2007;8:784-796.
Xynos E, Gouvas N, Triantopoulou C, et al. Clinical practice
guidelines for the surgical management of colon cancer: a
consensus statement of the Hellenic and Cypriot Colorectal
Cancer Study Group by the HeSMO. Ann Gastroenterol 2016;29:317.
Archampong D, Borowski D, Wille-Jorgensen P, et al. Workload
and surgeon’s specialty for outcome after colorectal cancer
surgery. Cochrane Database Syst Rev 2012;3:CD005391.
Augestad KM, Lindsetmo RO, Stulberg J, et al. International
preoperative rectal cancer management: staging, neoadjuvant
treatment, and impact of multidisciplinary teams. World J Surg
2010;34:2689-2700.
Burton S, Brown G, Daniels IR, et al. MRI directed
multidisciplinary team preoperative treatment strategy: the
way to eliminate positive circumferential margins? Br J Cancer
2006;94:351-357.
Schmoll HJ, Van Cutsem E, Stein A, et al. ESMO Consensus
Guidelines for management of patients with colon and rectal
cancer. a personalized approach to clinical decision making. Ann
Oncol 2012;23:2479-2516.
Engstrom PF, Arnoletti JP, Benson AB, 3rd, et al. NCCN Clinical
Practice Guidelines in Oncology: rectal cancer. J Natl Compr Canc
Netw 2009;7:838-881.
van Gijn W, Krijnen P, Lemmens VE, et al. Quality assurance in
rectal cancer treatment in the Netherlands: a catch up compared
to colon cancer treatment. Eur J Surg Oncol 2010;36:340-344.
Beaton C, Twine CP, Williams GL, et al. Systematic review and
meta-analysis of histopathological factors influencing the risk of
lymph node metastasis in early colorectal cancer. Colorectal Dis
2013;15:788-797.
Watanabe T, Itabashi M, Shimada Y, et al. Japanese Society for

Annals of Gastroenterology 29

21.
22.
23.

24.
25.
26.
27.

28.

29.

30.
31.
32.
33.
34.
35.

Cancer of the Colon and Rectum (JSCCR) guidelines 2010 for the
treatment of colorectal cancer. Int J Clin Oncol 2012;17:1-29.
Gualdi GF, Casciani E, Guadalaxara A, et al. Local staging of
rectal cancer with transrectal ultrasound and endorectal magnetic
resonance imaging: comparison with histologic findings. Dis
Colon Rectum 2000;43:338-345.
Kwok H, Bissett IP, Hill GL. Preoperative staging of rectal cancer.
Int J Colorectal Dis 2000;15:9-20.
Garcia-Aguilar J, Mellgren A, Sirivongs P, et al. Local excision of
rectal cancer without adjuvant therapy: a word of caution. Ann
Surg 2000;231:345-351.
Beets-Tan RG, Beets GL. Local staging of rectal cancer: a review
of imaging. J Magn Reson Imaging 2011;33:1012-1019.
Sauer R, Becker H, Hohenberger W, et al. Preoperative versus
postoperative chemoradiotherapy for rectal cancer. N Engl J Med
2004;351:1731-1740.
Taylor FG, Swift RI, Blomqvist L, et al. A systematic approach to
the interpretation of preoperative staging MRI for rectal cancer.
AJR Am J Roentgenol 2008;191:1827-1835.
Bipat S, Glas AS, Slors FJ, et al. Rectal cancer: local staging and
assessment of lymph node involvement with endoluminal US, CT,
and MR imaging--a meta-analysis. Radiology 2004;232:773-783.
Maizlin ZV, Brown JA, So G, et al. Can CT replace MRI in
preoperative assessment of the circumferential resection margin
in rectal cancer? Dis Colon Rectum 2010;53:308-314.
Compton CC. Updated protocol for the examination of specimens
from patients with carcinomas of the colon and rectum, excluding
carcinoid tumors, lymphomas, sarcomas, and tumors of the
vermiform appendix: a basis for checklists. Cancer Committee.
Arch Pathol Lab Med 2000;124:1016-1025.
Shihab OC, Heald RJ, Rullier E, et al. Defining the surgical planes
on MRI improves surgery for cancer of the low rectum. Lancet
Oncol 2009;10:1207-1211.
Shihab OC, Moran BJ, Heald RJ, et al. MRI staging of low rectal
cancer. Eur Radiol 2009;19:643-650.
Birbeck KF, Macklin CP, Tiffin NJ, et al. Rates of circumferential
resection margin involvement vary between surgeons and predict
outcomes in rectal cancer surgery. Ann Surg 2002;235:449-457.
Wolberink SV, Beets-Tan RG, de Haas-Kock DF, et al. Multislice
CT as a primary screening tool for the prediction of an involved
mesorectal fascia and distant metastases in primary rectal cancer:
a multicenter study. Dis Colon Rectum 2009;52:928-934.
Taylor FG, Quirke P, Heald RJ, et al. Preoperative magnetic
resonance imaging assessment of circumferential resection
margin predicts disease-free survival and local recurrence:
5-year follow-up results of the MERCURY study. J Clin Oncol
2014;32:34-43.
Brown G, Richards CJ, Bourne MW, et al. Morphologic predictors
of lymph node status in rectal cancer with use of high-spatialresolution MR imaging with histopathologic comparison.
Radiology 2003;227:371-377.
Vogl TJ, Pegios W, Mack MG, et al. Accuracy of staging rectal
tumors with contrast-enhanced transrectal MR imaging. AJR Am
J Roentgenol 1997;168:1427-1434.
Detry RJ, Kartheuser AH, Lagneaux G, et al. Preoperative lymph
node staging in rectal cancer: a difficult challenge. Int J Colorectal
Dis 1996;11:217-221.
Kim DJ, Kim JH, Lim JS, et al. Restaging of Rectal Cancer with
MR Imaging after Concurrent Chemotherapy and Radiation
Therapy. Radiographics 2010;30:503-516.
Lahaye MJ, Engelen SM, Kessels AG, et al. USPIO-enhanced MR
imaging for nodal staging in patients with primary rectal cancer:
predictive criteria. Radiology 2008;246:804-811.
Koh DM, Brown G, Husband JE. Nodal staging in rectal cancer.
Abdom Imaging 2006;31:652-659.
Niekel MC, Bipat S, Stoker J. Diagnostic imaging of colorectal

Surgical treatment of rectal cancer 123

36.
37.

38.
39.
40.
41.

42.

43.
44.

45.
46.

47.

48.
49.

50.
51.
52.

53.

liver metastases with CT, MR imaging, FDG PET, and/or FDG
PET/CT: a meta-analysis of prospective studies including
patients who have not previously undergone treatment. Radiology
2010;257:674-684.
Samee A, Selvasekar CR. Current trends in staging rectal cancer.
World J Gastroenterol 2011;17:828-834.
Cho YB, Chun HK, Kim MJ, et al. Accuracy of MRI and
18F-FDG PET/CT for restaging after preoperative concurrent
chemoradiotherapy for rectal cancer. World J Surg 2009;33:26882694.
Camma C, Giunta M, Fiorica F, et al. Preoperative radiotherapy for
resectable rectal cancer: A meta-analysis. JAMA 2000;284:10081015.
Folkesson J, Birgisson H, Pahlman L, et al. Swedish Rectal Cancer
Trial: long lasting benefits from radiotherapy on survival and
local recurrence rate. J Clin Oncol 2005;23:5644-5650.
Kapiteijn E, Marijnen CA, Nagtegaal ID, et al. Preoperative
radiotherapy combined with total mesorectal excision for
resectable rectal cancer. N Engl J Med 2001;345:638-646.
Marijnen CA, Nagtegaal ID, Kapiteijn E, et al. Radiotherapy does
not compensate for positive resection margins in rectal cancer
patients: report of a multicenter randomized trial. Int J Radiat
Oncol Biol Phys 2003;55:1311-1320.
Valentini V, Glimelius B, Minsky BD, et al. The multidisciplinary
rectal cancer treatment: main convergences, controversial aspects
and investigational areas which support the need for an European
Consensus. Radiother Oncol 2005;76:241-250.
Ceelen W, Boterberg T, Pattyn P, et al. Neoadjuvant chemoradiation
versus hyperfractionated accelerated radiotherapy in locally
advanced rectal cancer. Ann Surg Oncol 2007;14:424-431.
Sebag-Montefiore D, Stephens RJ, Steele R, et al. Preoperative
radiotherapy versus selective postoperative chemoradiotherapy in
patients with rectal cancer (MRC CR07 and NCIC-CTG C016): a
multicentre, randomised trial. Lancet 2009;373:811-820.
Taylor FG, Quirke P, Heald RJ, et al. One millimetre is the safe
cut-off for magnetic resonance imaging prediction of surgical
margin status in rectal cancer. Br J Surg 2011;98:872-879.
Braendengen M, Tveit KM, Berglund A, et al. Randomized
phase III study comparing preoperative radiotherapy with
chemoradiotherapy in nonresectable rectal cancer. J Clin Oncol
2008;26:3687-3694.
Bujko K, Kepka L, Michalski W, et al. Does rectal cancer
shrinkage induced by preoperative radio(chemo)therapy increase
the likelihood of anterior resection? A systematic review of
randomised trials. Radiother Oncol 2006;80:4-12.
Wong RK, Tandan V, De Silva S, et al. Pre-operative radiotherapy
and curative surgery for the management of localized rectal
carcinoma. Cochrane Database Syst Rev 2007:CD002102.
Capirci C, Valentini V, Cionini L, et al. Prognostic value of
pathologic complete response after neoadjuvant therapy in locally
advanced rectal cancer: long-term analysis of 566 ypCR patients.
Int J Radiat Oncol Biol Phys 2008;72:99-107.
Habr-Gama A, Perez RO, Sao Juliao GP, et al. Nonoperative
approaches to rectal cancer: a critical evaluation. Semin Radiat
Oncol 2011;21:234-239.
Sauer R, Fietkau R, Wittekind C, et al. Adjuvant vs. neoadjuvant
radiochemotherapy for locally advanced rectal cancer: the
German trial CAO/ARO/AIO-94. Colorectal Dis 2003;5:406-415.
Sauer R, Liersch T, Merkel S, et al. Preoperative versus
postoperative chemoradiotherapy for locally advanced rectal
cancer: results of the German CAO/ARO/AIO-94 randomized
phase III trial after a median follow-up of 11 years. J Clin Oncol
2012;30:1926-1933.
Chau I, Brown G, Cunningham D, et al. Neoadjuvant capecitabine
and oxaliplatin followed by synchronous chemoradiation and

54.

55.
56.

57.
58.
59.

60.

61.

62.
63.

64.
65.

66.

67.
68.

69.
70.

total mesorectal excision in magnetic resonance imaging-defined
poor-risk rectal cancer. J Clin Oncol 2006;24:668-674.
Fernandez-Martos C, Pericay C, Aparicio J, et al. Phase II,
randomized study of concomitant chemoradiotherapy followed
by surgery and adjuvant capecitabine plus oxaliplatin (CAPOX)
compared with induction CAPOX followed by concomitant
chemoradiotherapy and surgery in magnetic resonance imagingdefined, locally advanced rectal cancer: Grupo cancer de recto 3
study. J Clin Oncol 2010;28:859-865.
Larsen SG, Wiig JN, Dueland S, et al. Prognostic factors after
preoperative irradiation and surgery for locally advanced rectal
cancer. Eur J Surg Oncol 2008;34:410-417.
Janssen MH, Ollers MC, Riedl RG, et al. Accurate prediction of
pathological rectal tumor response after two weeks of preoperative
radiochemotherapy using (18)F-fluorodeoxyglucose-positron
emission tomography-computed tomography imaging. Int J
Radiat Oncol Biol Phys 2010;77:392-399.
Suppiah A, Hunter IA, Cowley J, et al. Magnetic resonance
imaging accuracy in assessing tumour down-staging following
chemoradiation in rectal cancer. Colorectal Dis 2009;11:249-253.
Dzik-Jurasz A, Domenig C, George M, et al. Diffusion MRI for
prediction of response of rectal cancer to chemoradiation. Lancet
2002;360:307-308.
Lambregts DM, Maas M, Riedl RG, et al. Value of ADC
measurements for nodal staging after chemoradiation in locally
advanced rectal cancer-a per lesion validation study. Eur Radiol
2011;21:265-273.
Koh DM, George C, Temple L, et al. Diagnostic accuracy of
nodal enhancement pattern of rectal cancer at MRI enhanced
with ultrasmall superparamagnetic iron oxide: findings in
pathologically matched mesorectal lymph nodes. AJR Am J
Roentgenol 2010;194:W505-513.
Patel UB, Taylor F, Blomqvist L, et al. Magnetic resonance
imaging-detected tumor response for locally advanced rectal
cancer predicts survival outcomes: MERCURY experience. J Clin
Oncol 2011;29:3753-3760.
Vandecaveye V, De Keyzer F, Dymarkowski S. Perfusion-and
diffusion-weighted imaging of hepatocellular carcinoma. JBRBTR 2007;90:492-496.
Lambregts DM, Vandecaveye V, Barbaro B, et al. Diffusionweighted MRI for selection of complete responders after
chemoradiation for locally advanced rectal cancer: a multicenter
study. Ann Surg Oncol 2011;18:2224-2231.
Capirci C, Rubello D, Chierichetti F, et al. Restaging after
neoadjuvant chemoradiotherapy for rectal adenocarcinoma: role
of F18-FDG PET. Biomed Pharmacother 2004;58:451-457.
Llamas-Elvira JM, Rodriguez-Fernandez A, Gutierrez-Sainz J,
et al. Fluorine-18 fluorodeoxyglucose PET in the preoperative
staging of colorectal cancer. Eur J Nucl Med Mol Imaging
2007;34:859-867.
Delaney CP, Zutshi M, Senagore AJ, et al. Prospective, randomized,
controlled trial between a pathway of controlled rehabilitation
with early ambulation and diet and traditional postoperative
care after laparotomy and intestinal resection. Dis Colon Rectum
2003;46:851-859.
Gouvas N, Tan E, Windsor A, et al. Fast-track vs standard care
in colorectal surgery: a meta-analysis update. Int J Colorectal Dis
2009;24:1119-1131.
King PM, Blazeby JM, Ewings P, et al. Randomized clinical trial
comparing laparoscopic and open surgery for colorectal cancer
within an enhanced recovery programme. Br J Surg 2006;93:300308.
Schwenk W, Neudecker J, Raue W, et al. “Fast-track” rehabilitation
after rectal cancer resection. Int J Colorectal Dis 2006;21:547-553.
Bosset JF, Collette L, Calais G, et al. Chemotherapy with

Annals of Gastroenterology 29

124 E. Xynos et al

71.

72.

73.

74.
75.
76.

77.

78.

79.

80.
81.
82.
83.
84.

85.
86.
87.

88.

preoperative radiotherapy in rectal cancer. N Engl J Med
2006;355:1114-1123.
Sun DS, Zhang JD, Li L, et al. Accelerated hyperfractionation fieldinvolved re-irradiation combined with concurrent capecitabine
chemotherapy for locally recurrent and irresectable rectal cancer.
Br J Radiol 2012;85:259-264.
Martin ST, Heneghan HM, Winter DC. Systematic review and
meta-analysis of outcomes following pathological complete
response to neoadjuvant chemoradiotherapy for rectal cancer. Br
J Surg 2012;99:918-928.
Zorcolo L, Rosman AS, Restivo A, et al. Complete pathologic
response after combined modality treatment for rectal cancer
and long-term survival: a meta-analysis. Ann Surg Oncol
2012;19:2822-2832.
Cirocchi R, Trastulli S, Farinella E, et al. High tie versus low tie
of the inferior mesenteric artery in colorectal cancer: a RCT is
needed. Surg Oncol 2012;21:e111-123.
Peng J, Wu H, Li X, et al. Prognostic significance of apical lymph
node metastasis in patients with node-positive rectal cancer.
Colorectal Dis 2013;15:e13-20.
Nagtegaal ID, Marijnen CA, Kranenbarg EK, et al. Circumferential
margin involvement is still an important predictor of local
recurrence in rectal carcinoma: not one millimeter but two
millimeters is the limit. Am J Surg Pathol 2002;26:350-357.
Nagtegaal ID, van de Velde CJ, van der Worp E, et al. Macroscopic
evaluation of rectal cancer resection specimen: clinical
significance of the pathologist in quality control. J Clin Oncol
2002;20:1729-1734.
Quirke P, Durdey P, Dixon MF, et al. Local recurrence of
rectal adenocarcinoma due to inadequate surgical resection.
Histopathological study of lateral tumour spread and surgical
excision. Lancet 1986;2:996-999.
Quirke P, Steele R, Monson J, et al. Effect of the plane of surgery
achieved on local recurrence in patients with operable rectal
cancer: a prospective study using data from the MRC CR07 and
NCIC-CTG CO16 randomised clinical trial. Lancet 2009;373:821828.
Huser N, Michalski CW, Erkan M, et al. Systematic review and
meta-analysis of the role of defunctioning stoma in low rectal
cancer surgery. Ann Surg 2008;248:52-60.
Tan WS, Tang CL, Shi L, et al. Meta-analysis of defunctioning
stomas in low anterior resection for rectal cancer. Br J Surg
2009;96:462-472.
Fitzgerald TL, Brinkley J, Zervos EE. Pushing the envelope
beyond a centimeter in rectal cancer: oncologic implications of
close, but negative margins. J Am Coll Surg 2011;213:589-595.
Weston-Petrides GK, Lovegrove RE, Tilney HS, et al. Comparison
of outcomes after restorative proctocolectomy with or without
defunctioning ileostomy. Arch Surg 2008;143:406-412.
Han JG, Wei GH, Gao ZG, et al. Intersphincteric resection
with direct coloanal anastomosis for ultralow rectal cancer: the
experience of People’s Republic of China. Dis Colon Rectum
2009;52:950-957.
Tilney HS, Tekkis PP. Extending the horizons of restorative
rectal surgery: intersphincteric resection for low rectal cancer.
Colorectal Dis 2008;10:3-15; discussion 15-16.
Yamada K, Ogata S, Saiki Y, et al. Long-term results of
intersphincteric resection for low rectal cancer. Dis Colon Rectum
2009;52:1065-1071.
Hohenberger W, Merkel S, Matzel K, et al. The influence of
abdomino-peranal (intersphincteric) resection of lower third
rectal carcinoma on the rates of sphincter preservation and
locoregional recurrence. Colorectal Dis 2006;8:23-33.
Jung SH, Yu CS, Choi PW, et al. Risk factors and oncologic impact
of anastomotic leakage after rectal cancer surgery. Dis Colon
Rectum 2008;51:902-908.

Annals of Gastroenterology 29

89. Mirnezami A, Mirnezami R, Chandrakumaran K, et al. Increased
local recurrence and reduced survival from colorectal cancer
following anastomotic leak: systematic review and meta-analysis.
Ann Surg 2011;253:890-899.
90. Smith JD, Paty PB, Guillem JG, et al. Anastomotic leak is not
associated with oncologic outcome in patients undergoing low
anterior resection for rectal cancer. Ann Surg 2012;256:10341038.
91. Chen J, Wang DR, Yu HF, et al. Defunctioning stoma in low
anterior resection for rectal cancer: a meta- analysis of five recent
studies. Hepatogastroenterology 2012;59:1828-1831.
92. Chude GG, Rayate NV, Patris V, et al. Defunctioning loop
ileostomy with low anterior resection for distal rectal cancer:
should we make an ileostomy as a routine procedure? A prospective
randomized study. Hepatogastroenterology 2008;55:1562-1567.
93. Pata G, D’Hoore A, Fieuws S, et al. Mortality risk analysis
following routine vs selective defunctioning stoma formation
after total mesorectal excision for rectal cancer. Colorectal Dis
2009;11:797-805.
94. Snijders HS, van den Broek CB, Wouters MW, et al. An increasing
use of defunctioning stomas after low anterior resection for rectal
cancer. Is this the way to go? Eur J Surg Oncol 2013;39:715-720.
95. Nurkin S, Kakarla VR, Ruiz DE, et al. The role of faecal diversion in
low rectal cancer: a review of 1791 patients having rectal resection
with anastomosis for cancer, with and without a proximal stoma.
Colorectal Dis 2013;15:e309-316.
96. Akesson O, Syk I, Lindmark G, et al. Morbidity related to
defunctioning loop ileostomy in low anterior resection. Int J
Colorectal Dis 2012;27:1619-1623.
97. Klink CD, Lioupis K, Binnebosel M, et al. Diversion stoma after
colorectal surgery: loop colostomy or ileostomy? Int J Colorectal
Dis 2011;26:431-436.
98. Rondelli F, Reboldi P, Rulli A, et al. Loop ileostomy versus
loop colostomy for fecal diversion after colorectal or coloanal
anastomosis: a meta-analysis. Int J Colorectal Dis 2009;24:479-488.
99. van Westreenen HL, Visser A, Tanis PJ, et al. Morbidity related
to defunctioning ileostomy closure after ileal pouch-anal
anastomosis and low colonic anastomosis. Int J Colorectal Dis
2012;27:49-54.
100. Pahlman L, Bohe M, Cedermark B, et al. The Swedish rectal
cancer registry. Br J Surg 2007;94:1285-1292.
101. den Dulk M, Putter H, Collette L, et al. The abdominoperineal
resection itself is associated with an adverse outcome: the
European experience based on a pooled analysis of five European
randomised clinical trials on rectal cancer. Eur J Cancer
2009;45:1175-1183.
102. Kusters M, Marijnen CA, van de Velde CJ, et al. Patterns of local
recurrence in rectal cancer; a study of the Dutch TME trial. Eur J
Surg Oncol 2010;36:470-476.
103. Reshef A, Lavery I, Kiran RP. Factors associated with oncologic
outcomes after abdominoperineal resection compared with
restorative resection for low rectal cancer: patient- and tumorrelated or technical factors only? Dis Colon Rectum 2012;55:51-58.
104. Shirouzu K, Ogata Y. Histopathologic tumor spread in very low
rectal cancer treated with abdominoperineal resection. Dis Colon
Rectum 2009;52:1887-1894.
105. Shihab OC, Brown G, Daniels IR, et al. Patients with low rectal
cancer treated by abdominoperineal excision have worse tumors
and higher involved margin rates compared with patients treated
by anterior resection. Dis Colon Rectum 2010;53:53-56.
106. Stelzner S, Hellmich G, Schubert C, et al. Short-term outcome of
extra-levator abdominoperineal excision for rectal cancer. Int J
Colorectal Dis 2011;26:919-925.
107. Holm T, Ljung A, Haggmark T, et al. Extended abdominoperineal
resection with gluteus maximus flap reconstruction of the pelvic
floor for rectal cancer. Br J Surg 2007;94:232-238.

Surgical treatment of rectal cancer 125
108. Mauvais F, Sabbagh C, Brehant O, et al. The current
abdominoperineal resection: oncological problems and surgical
modifications for low rectal cancer. J Visc Surg 2011;148:e85-e93.
109. West NP, Anderin C, Smith KJ, et al. Multicentre experience with
extralevator abdominoperineal excision for low rectal cancer. Br J
Surg 2010;97:588-599.
110. Messenger DE, Cohen Z, Kirsch R, et al. Favorable pathologic
and long-term outcomes from the conventional approach to
abdominoperineal resection. Dis Colon Rectum 2011;54:793-802.
111. Asplund D, Haglind E, Angenete E. Outcome of extralevator
abdominoperineal excision compared with standard surgery:
results from a single centre. Colorectal Dis 2012;14:1191-1196.
112. Krishna A, Rickard MJ, Keshava A, et al. A comparison of
published rates of resection margin involvement and intraoperative perforation between standard and ‘cylindrical’
abdominoperineal excision for low rectal cancer. Colorectal Dis
2013;15:57-65.
113. Vaughan-Shaw PG, Cheung T, Knight JS, et al. A prospective
case-control study of extralevator abdominoperineal excision
(ELAPE) of the rectum versus conventional laparoscopic and
open abdominoperineal excision: comparative analysis of shortterm outcomes and quality of life. Tech Coloproctol 2012;16:355362.
114. Bhangu A, Ali SM, Cunningham D, et al. Comparison of longterm survival outcome of operative vs nonoperative management
of recurrent rectal cancer. Colorectal Dis 2013;15:156-163.
115. Bhangu A, Brown G, Akmal M, et al. Outcome of abdominosacral
resection for locally advanced primary and recurrent rectal
cancer. Br J Surg 2012;99:1453-1461.
116. Christensen HK, Nerstrom P, Tei T, et al. Perineal repair after
extralevator abdominoperineal excision for low rectal cancer. Dis
Colon Rectum 2011;54:711-717.
117. Harji DP, Griffiths B, McArthur DR, et al. Current UK
management of locally recurrent rectal cancer. Colorectal Dis
2012;14:1479-1482.
118. Liska D, Weiser MR. Optimal surgical treatment of locally
advanced low rectal cancer. Minerva Chir 2010;65:181-196.
119. Guillou PJ, Quirke P, Thorpe H, et al. Short-term endpoints of
conventional versus laparoscopic-assisted surgery in patients with
colorectal cancer (MRC CLASICC trial): multicentre, randomised
controlled trial. Lancet 2005;365:1718-1726.
120. Ooi K, Gibbs P, Faragher I. Surgical oncology issues in locally
advanced rectal cancer. ANZ J Surg 2011;81:790-796.
121. Aziz O, Constantinides V, Tekkis PP, et al. Laparoscopic versus
open surgery for rectal cancer: a meta-analysis. Ann Surg Oncol
2006;13:413-424.
122. Breukink S, Pierie J, Wiggers T. Laparoscopic versus open total
mesorectal excision for rectal cancer. Cochrane Database Syst Rev
2006:CD005200.
123. Hotta T, Yamaue H. Laparoscopic surgery for rectal cancer: review
of published literature 2000-2009. Surg Today 2011;41:1583-1591.
124. Huang MJ, Liang JL, Wang H, et al. Laparoscopic-assisted versus
open surgery for rectal cancer: a meta-analysis of randomized
controlled trials on oncologic adequacy of resection and longterm oncologic outcomes. Int J Colorectal Dis 2011;26:415-421.
125. Jayne DG, Guillou PJ, Thorpe H, et al. Randomized trial of
laparoscopic-assisted resection of colorectal carcinoma: 3-year
results of the UK MRC CLASICC Trial Group. J Clin Oncol
2007;25:3061-3068.
126. Ohtani H, Tamamori Y, Azuma T, et al. A meta-analysis of the
short- and long-term results of randomized controlled trials that
compared laparoscopy-assisted and conventional open surgery
for rectal cancer. J Gastrointest Surg 2011;15:1375-1385.
127. Trastulli S, Cirocchi R, Listorti C, et al. Laparoscopic vs open
resection for rectal cancer: a meta-analysis of randomized clinical

trials. Colorectal Dis 2012;14:e277-296.
128. Gouvas N, Tsiaoussis J, Pechlivanides G, et al. Laparoscopic or
open surgery for the cancer of the middle and lower rectum
short-term outcomes of a comparative non-randomised study. Int
J Colorectal Dis 2009;24:761-769.
129. Xiong B, Ma L, Zhang C. Laparoscopic versus open total
mesorectal excision for middle and low rectal cancer: a metaanalysis of results of randomized controlled trials. J Laparoendosc
Adv Surg Tech A 2012;22:674-684.
130. Gouvas N, Tsiaoussis J, Pechlivanides G, et al. Quality of surgery
for rectal carcinoma: comparison between open and laparoscopic
approaches. Am J Surg 2009;198:702-708.
131. Kellokumpu IH, Kairaluoma MI, Nuorva KP, et al. Short- and
long-term outcome following laparoscopic versus open resection
for carcinoma of the rectum in the multimodal setting. Dis Colon
Rectum 2012;55:854-863.
132. Siegel R, Cuesta MA, Targarona E, et al. Laparoscopic
extraperitoneal rectal cancer surgery: the clinical practice
guidelines of the European Association for Endoscopic Surgery
(EAES). Surg Endosc 2011;25:2423-2440.
133. Laurent C, Leblanc F, Gineste C, et al. Laparoscopic approach in
surgical treatment of rectal cancer. Br J Surg 2007;94:1555-1561.
134. Hingorani M, Hartley JE, Greenman J, et al. Avoiding radical
surgery after pre-operative chemoradiotherapy: a possible
therapeutic option in rectal cancer? Acta Oncol 2012;51:275-284.
135. Carrara A, Mangiola D, Pertile R, et al. Analysis of risk factors
for lymph nodal involvement in early stages of rectal cancer:
when can local excision be considered an appropriate treatment?
Systematic review and meta-analysis of the literature. Int J Surg
Oncol 2012;2012:438450.
136. Engelen SM, Beets-Tan RG, Lahaye MJ, et al. MRI after
chemoradiotherapy of rectal cancer: a useful tool to select patients
for local excision. Dis Colon Rectum 2010;53:979-986.
137. Landmann RG, Wong WD, Hoepfl J, et al. Limitations of early
rectal cancer nodal staging may explain failure after local excision.
Dis Colon Rectum 2007;50:1520-1525.
138. You YN. Local excision: is it an adequate substitute for radical
resection in T1/T2 patients? Semin Radiat Oncol 2011;21:178184.
139. Borschitz T, Wachtlin D, Mohler M, et al. Neoadjuvant
chemoradiation and local excision for T2-3 rectal cancer. Ann
Surg Oncol 2008;15:712-720.
140. Duek SD, Issa N, Hershko DD, et al. Outcome of transanal
endoscopic microsurgery and adjuvant radiotherapy in patients
with T2 rectal cancer. Dis Colon Rectum 2008;51:379-384;
discussion 384.
141. Lezoche E, Guerrieri M, Paganini AM, et al. Transanal
endoscopic versus total mesorectal laparoscopic resections of T2N0 low rectal cancers after neoadjuvant treatment: a prospective
randomized trial with a 3-years minimum follow-up period. Surg
Endosc 2005;19:751-756.
142. Nash GM, Weiser MR, Guillem JG, et al. Long-term survival
after transanal excision of T1 rectal cancer. Dis Colon Rectum
2009;52:577-582.
143. Suppiah A, Maslekar S, Alabi A, et al. Transanal endoscopic
microsurgery in early rectal cancer: time for a trial? Colorectal Dis
2008;10:314-327; discussion 327-319.
144. Garcia-Aguilar J, Hernandez de Anda E, Sirivongs P, et al.
A pathologic complete response to preoperative chemoradiation
is associated with lower local recurrence and improved survival
in rectal cancer patients treated by mesorectal excision. Dis Colon
Rectum 2003;46:298-304.
145. Kuo LJ, Liu MC, Jian JJ, et al. Is final TNM staging a predictor
for survival in locally advanced rectal cancer after preoperative
chemoradiation therapy? Ann Surg Oncol 2007;14:2766-2772.
Annals of Gastroenterology 29

126 E. Xynos et al
146. Stipa F, Chessin DB, Shia J, et al. A pathologic complete response of
rectal cancer to preoperative combined-modality therapy results
in improved oncological outcome compared with those who
achieve no downstaging on the basis of preoperative endorectal
ultrasonography. Ann Surg Oncol 2006;13:1047-1053.
147. Gerard JP, Chapet O, Ramaioli A, et al. Long-term control of T2T3 rectal adenocarcinoma with radiotherapy alone. Int J Radiat
Oncol Biol Phys 2002;54:142-149.
148. Guillem JG, Chessin DB, Cohen AM, et al. Long-term oncologic
outcome following preoperative combined modality therapy and
total mesorectal excision of locally advanced rectal cancer. Ann
Surg 2005;241:829-836; discussion 836-828.
149. Habr-Gama A, Perez RO, Nadalin W, et al. Operative versus
nonoperative treatment for stage 0 distal rectal cancer
following chemoradiation therapy: long-term results. Ann Surg
2004;240:711-717; discussion 717-718.
150. Habr-Gama A, Perez RO, Proscurshim I, et al. Patterns of
failure and survival for nonoperative treatment of stage c0 distal
rectal cancer following neoadjuvant chemoradiation therapy.
J Gastrointest Surg 2006;10:1319-1328; discussion 1328-1319.
151. Rodel C, Martus P, Papadoupolos T, et al. Prognostic significance
of tumor regression after preoperative chemoradiotherapy for
rectal cancer. J Clin Oncol 2005;23:8688-8696.
152. Rossi BM, Nakagawa WT, Novaes PE, et al. Radiation and
chemotherapy instead of surgery for low infiltrative rectal
adenocarcinoma: a prospective trial. Ann Surg Oncol 1998;5:113118.
153. Wang Y, Cummings B, Catton P, et al. Primary radical external
beam radiotherapy of rectal adenocarcinoma: long term outcome
of 271 patients. Radiother Oncol 2005;77:126-132.
154. Bhangu A, Brown G, Nicholls RJ, et al. Survival outcome of local
excision versus radical resection of colon or rectal carcinoma:
a Surveillance, Epidemiology, and End Results (SEER)
population-based study. Ann Surg 2013;258:563-569; discussion
569-571.
155. Maeda K, Koide Y, Katsuno H. When is local excision appropriate
for “early” rectal cancer? Surg Today 2014;44:2000-2014.
156. Georgiou P, Tan E, Gouvas N, et al. Extended lymphadenectomy
versus conventional surgery for rectal cancer: a meta-analysis.
Lancet Oncol 2009;10:1053-1062.
157. Nordlinger B, Sorbye H, Glimelius B, et al. Perioperative
chemotherapy with FOLFOX4 and surgery versus surgery alone
for resectable liver metastases from colorectal cancer (EORTC
Intergroup trial 40983): a randomised controlled trial. Lancet
2008;371:1007-1016.
158. Heriot AG, Kumar D. Prospective audit following the introduction
of short course preoperative radiotherapy for rectal cancer. Br J
Surg 2000;87:965.

Annals of Gastroenterology 29

159. Dent OF, Haboubi N, Chapuis PH, et al. Assessing the evidence
for an association between circumferential tumour clearance and
local recurrence after resection of rectal cancer. Colorectal Dis
2007;9:112-121; discussion 121-112.
160. Enriquez-Navascues JM, Borda N, Lizerazu A, et al. Patterns
of local recurrence in rectal cancer after a multidisciplinary
approach. World J Gastroenterol 2011;17:1674-1684.
161. Glimelius B. Recurrent rectal cancer. The pre-irradiated primary
tumour: can more radiotherapy be given? Colorectal Dis
2003;5:501-503.
162. Haddock MG, Gunderson LL, Nelson H, et al. Intraoperative
irradiation for locally recurrent colorectal cancer in previously
irradiated patients. Int J Radiat Oncol Biol Phys 2001;49:1267-1274.
163. Kido A, Koyama F, Akahane M, et al. Extent and contraindications
for sacral amputation in patients with recurrent rectal cancer: a
systematic literature review. J Orthop Sci 2011;16:286-290.
164. Bhangu A, Ali SM, Darzi A, et al. Meta-analysis of survival based
on resection margin status following surgery for recurrent rectal
cancer. Colorectal Dis 2012;14:1457-1466.
165. Dresen RC, Gosens MJ, Martijn H, et al. Radical resection after
IORT-containing multimodality treatment is the most important
determinant for outcome in patients treated for locally recurrent
rectal cancer. Ann Surg Oncol 2008;15:1937-1947.
166. Quirke P, Morris E. Reporting colorectal cancer. Histopathology
2007;50:103-112.
167. Maughan NJ, Morris E, Forman D, et al. The validity of the Royal
College of Pathologists’ colorectal cancer minimum dataset
within a population. Br J Cancer 2007;97:1393-1398.
168. Compton CC. Colorectal carcinoma: diagnostic, prognostic, and
molecular features. Mod Pathol 2003;16:376-388.
169. Maughan NJ, Quirke P. Modern management of colorectal
cancer--a pathologist’s view. Scand J Surg 2003;92:11-19.
170. Quirke P, Risio M, Lambert R, et al. Quality assurance in
pathology in colorectal cancer screening and diagnosis-European
recommendations. Virchows Arch 2011;458:1-19.
171. Sanjuan X, Salas A, Lloreta J, et al. Colorectal Cancer OncoGuia:
surgical pathology report guidelines. Clin Transl Oncol
2010;12:211-213.
172. Compton CC, Fielding LP, Burgart LJ, et al. Prognostic factors in
colorectal cancer. College of American Pathologists Consensus
Statement 1999. Arch Pathol Lab Med 2000;124:979-994.
173. Dworak O, Keilholz L, Hoffmann A. Pathological features of rectal
cancer after preoperative radiochemotherapy. Int J Colorectal Dis
1997;12:19-23.
174. Shia J, Guillem JG, Moore HG, et al. Patterns of morphologic
alteration in residual rectal carcinoma following preoperative
chemoradiation and their association with long-term outcome.
Am J Surg Pathol 2004;28:215-223.

